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SIMPLIFIED METHOD OF | DETERMINING 


= 


. Tt inv involves reference to a woe 


The objects of the table 


To the a of a meridian within attainment of 

3 engineers, unprepared, by reason of the pressure ure of their usual work ; a hic 


(2) To obviate textbook reference, a at ‘the time a meridian i is | necessary ; 
(3) To displace the e inaccuracy, of compass meridians in field conditions 
compass is affected by local attraction; = 


oe Problems involving the ‘determinations of true bearings may be solved by » 


> 

we gi sind 


tan 
~ 
in which Z = the ial of, the sun; 8 = the : sun’s declination ; h = its” 


Nore—Discussion on this paper will be closed in December, 1936, 

y “Surveying Theory and Practise’. by 

embers, Am. Soc. C. H., McGraw-Hill Book % 
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1986 BEARINGS OF A LI 


pap aper. By full ‘discussion it is hoped to establish the - most desirable form for 


tables, in ‘their most convenient form, as an Appendix to the 


of ihe sun an (obtainable from th the Beets of Public Documents, United 
States Printing Office, or from most dealers in engineering instruments), a 
br. of sines | and the latitude of. fhe point as 
1. —To find ‘the true bearing of Line 
Fig. 1): (1) Set the tr ansit firmly at Point X,; (2) 
set the horizontal graduated plates at (3) level, the 
instrument with extreme care; (4) sight on Point Y; 
clamp the lower plate; and (6) loosen the upper 
plate. ‘Using a solar ‘prism colored glass as sun- a 


lower timbe of the sun a as shown i in Fig. 


~The observations are recorded as ‘shown in Table 


the sun’s left and lower limbs, respec- 
ECT Re. tively, and, as before, record the time, the 


in shown in Table 3; Item No. 2. The e mean of pt 
the recorded quantities (Item No. 3, Table 
gives the time when the center of 


(Place: Washington, D, or ; Latitu ude: 38° 53’ 40” N; Dison Time Bats 
Date: March | 18, 1910 (PM M.) ; and Point (Fig. to the Left | of the Sun. 


Vertical angle ‘Horizontal angle 


| Direct Shr 53min 05sec | 25°20'00" |  65°00'00" 

Reversed 3 hr 54 min 55 sec (25° 31’'00" | 64°45'00" 


h Table 1 is a very 

nctrative syamnie in the 

— 
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os TRUE BEARINGS BEARINGS | OF A LINE 


= 28°: = 88°(see Table 1) 1.39989 0.36378 


25’ 30”... = 254 x 19. = 254 x 27.9 
= (0° 40"... 1750 = 53% X 32.6 = = 53% X 22 


— 


the sun.. .. ... = 0.38276 — 0.02576 = 0.40852 


x 


The foregoing computations may be further explained ag 3 follows: From 

Table 1. select the values” of A and B corresponding to the even degree 


a vertical angle and latitude, refining both for the additional minutes, Since 
the altitude used for ‘computing Table 1 is obtained by applying the average 


refraction | correction for the corresponding vertical angle, the computer i is 


- relieved of the necessity of applying the refraction correction and the parallax. 
7. The ephemeris g gives ves the declination of the sun, either north or south, mI 


q noon in Greenwich, England, and also gives an hourly change, which is either 
additive or subtractive. This declination at noon ia the declination of the 


me: oer 00 A.M. within the Eastern Time Belt ae 
6:00 A.M. within the Central Time Belt ae 
5:00 A.M. within the Mountain Time Belt _ 
4:00 A.M. within the Pacific Time Belt a aes 


_ Thus, in Example 1, the sun’ s declination, 8, is found 1 to be 1° 1° oF 16 8; 


and the natural sine of 8 = = 0.01811 . Multiply Factor A by 8 to obtain 
0.02576, and this value, added to B P= ( hemes yields 0.40852, which is | the 
natural cosine of the bearing» of the sun. If the declination of the sun is 
north, subtract A sin 5 and B, the smaller from the larger. - A ain 8 is the 
larger, the bearing of the sun will be from the north (as, northeast and north- 


est) ; and, if B is the larger, the bearing “of the sun is » from the south (as, 


nd the bearing of ‘the sun is from t the south ‘on and southwest). 
‘Finally, to the bearing of the sun, apply the horizontal angle to obtain the 


aring of Line XY, Ss 00’ 4 48” W, allowing a probable error 

The writer disclaims all intention of a method” to 
Engineering Profession ; his intention is simply to ‘reduce to the commonest 


wording the intellectual niceties s of an astronomical observation. method | 
observation described herein is an old one; ye yet arranged more nearly nf 


keeping with the elementary design of the paper. suggestions for the 
improvement « of Table 1, with: its” intent and 
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“ANALYSIS. OF ‘CONTINUOUS FRAMES 


BALANCING S ANGLE CHANGES 


L. E. GRINTER Assoc. M. Am. Soc. | 


he interest ‘that has be been ‘shown | by the profession i in method of 


balaneing fi fixed- end moments (introduced by Hardy | Cross, M. Am. Soe. C. >. 
as an n alternative to the classic methods of analyzing continuous frames, has 
x suggested the publication « of a second alternative process based upon the con- — 
ception 1 of balancing angle changes to obtain | joint rotations. — The 
d balancing angle » changes i is shown to parallel the procedure used i in balanc 
ing and distributing fixed- end moments. No. claim is made that the suggested 
- ‘method surpasses the method of moment distribution either i in simplicity or 
in a reduction of time consumed by, the analysis. _ In fact, it will take some- ie 
what longer to arrive at the final ‘end moments. — However, r, the additional time 
3 onsumed may be far more than | equally repaid by the fact that ‘the method ee b 
practically "self -checking. Furthermore, upon completion of the analysis, one — 
has” at hand ‘all necessary data sketching, rapidly and 
fe deflected structure, a ‘procedure that experience has proved to be a most valu- Be. 
ble tool both in ‘analysis and in design. method of angle 
] arly useful for “atudying secondary str 


bon for investigating the in: of elastic distortion ¢ or of slip in » the riveted — 


=a 


of of balancing ax angle is s susceptible tort ‘expression i in many 


¥ ft is s thought, however, that discussion will u ed. ‘primarily for presenting 


Deflection.- —The method of angle changes" should 


gineers who are most familiar v with: the  slope- deflection equations 


on this paper will be closed in 1936, Proceedings. 
th bey ? Prof. of Structural Eng., Agricultural and sania Coll. of Texas, College Station, 
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ary relative deflection, the same time possessing: g the pe ‘sdventages 


which are so apparent in the method of moment distribution. There are other 
published methods’ in which joint rotations have been obtained by series con- 


vergence, but. ‘these nethods seem to involve relatively tedious ‘ 
‘The present method was developed by the writer in 1927. _ A fe few of the many y 7 


tir 
special applications that have been found useful will. be, presented herein, 
but the basic method is essentially its original form. 

‘The well-! -known: slope-deflection equations: make ‘it possible for one to 
compute the end moments in any ‘unloaded ‘member | of a continuous frame 


from known values of end ‘slopes a and Telative end deflections. if "end 


; or nat frame can be made upon the basis fi a treatment in which joint 
‘rotations and relative deflections are as the redundants. advan- 


e redundants, 


“most of which have ‘not justified experiénce, , but, there is one which 


can not be disputed. J oint rotations and. deflections are the equivalents 

_ the physical : action of the structure and the emphasis of these factors lends ~ 
a desirable pictorial clearness to ‘the method, ‘provided this picture is not 


obscured by the mechanical details of the procedure. 


Uttlail AUL ‘ 


Successive Rotation —The method of balancing fixed- end moments starts 


with all members restrained against end rotation. The alternative procedure 


to © developed will start with all members acting as simply 


n values of “true joint rotations from which deflected structure 
can be sketched and the joint moments determined. Naturally, joint trans: 
lation will complicate the analysis somewhat. The discussion that follows 
will present the method | for use in ‘continuous- beam analyses, after which 


briefly. 


assist the voader. in his interpretation of this } paper. 
j 4 + 


ae A few new terms ¥ will be needed and for clearness they will me defined at 


(1) By ‘ ‘angle change” (¢- value) will be meant the change 

 dewed at the end of a oaaateale either by the loads or by an applied end 
‘moment; for example, certain easily determinable ‘ “angle changes”, occu 
the ends of a simple beam when it is loaded. 


Stresses by Slope-Deflection and Converging _ Approximations”, by J. EB. Gold- 
< berg, Jun. Am. Soc. C. E., Transactions, Am. Soc. C. E., Vol. 99 (1934), p. 962; also, 
“Rigid Frame Analysis by the Criterion Series of Converging Angular Approximations”, a 
by S. M. Cotten, M. Am. Soc. C. E. (Mimeographed notes under date of 1930. 3 ae} 
Stress by L. E. Grinter, | Transactions, Am. Soc. C. | 
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BALANCING ANGLE CHANGES 


(2) By ‘Joint -value) is the twist of joint 


in a loaded frame solute continuity exists between all members 


meeting at the joint. 

Boon the angle change existing at the end of a connecting member when 


the angular discontinuity between that member and the joint is ‘removed by 
applied ‘moments. Tt is assumed that ‘the far ends" of all members are — 


joint rotation. factor associated with member meeting at at a a joint, 
oki — (4) By “carry- -over factor” is meant the angle change at the far end of a ae 


simply supported or pin- -ended the near end is rotated through 
PROCEDURE OF Batancine ANGLE Cuances 
The condensed statement of the procedure of angle changes” that 


— follows will be helpful to the reader, and 1 must clarify itself, if i it is used — 


fa for continual reference while the illustrative examples are being studied. = a? 


Angle Change and Joint Rotation. .—With all joints the frame held 
: = against all possible translations an and with the ends ¢ of all. members gh ll a 


simply ‘supported pin- connected, one “permits” the members to deflect 


under | the loads and computes the values of the end angle changes. — Any joint 
selected and the end angle change existing: at that joint in one of its 
members i is eliminated by twisting that p particular ‘member the. joint 
in opposite. directions until continuity i is restored. The recorded value of 
yy. “the joint rotation is the ar angle change that existed at the end of the member = 
‘selected, after being multiplied by the joint rotation for 
Carry- Over Angles. —All _members meeting at joint have now "been 4 


3 joint rotation for all members other than ‘the one upon. For that 


rs particular member, the end angular rotation is the , difference between the joint o 
rotation : and the end angle change caused by the loads. . Since all all these: members 


‘a considered to be simply supported at their ‘far ends, one 1 must record ar 


angle change (not a joint rotation) at the far end of each member equal to a 


- factor A Then, « one proceeds from member to member and from joint to joint 


the angular ‘Totation at the: near end, when multiplied by the « carry-over 4 


balancing the angles at each joint as many times as necessary, which means cs Pe 
vz 


oe to continue the procedure until the carry- over angles are negligibly small. 
iH Continuity has then been established. Under 1 normal conditions, it will be 


to bal balance each joint from three to four ur times. 


The starting point the analysis i is tala ‘the angle changes or the” 


‘ at the ends of the loaded spans. This problem is solved in all text- 
books on the strength of materials. 
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conjugate- -beam method’. It scarcely seems necessary to present this treat- 


a ment anc and instead the angle changes are given for a few w simple ¢ cases in Fi ae: 1 


| 


8 


Fie. a. —Exp CHANGES FOR 2 SIMPLE 


 Jomt Rorarion Carry-Over Factors» 


of and Member. —The st stiffness of a beam. -may be defined 


moment necessary to produce a unit end rotation and, therefore, 
it is proportional to the vette; which is commonly ee as K. If an 
angle change, occurring ¢ at the end of a ‘member which frames a 
_ joint, is to | be eliminated and continuity is to be restored by twisting the 
and the joint in opposite directions | (by equal end ‘moments), it is 
F apparent from the definition of stiffness that the joint must be rotated through 
angle, 6,, equal t o the angle, ¢,, ‘time the stiffness ratio, Here, as 
elsewhere, Ky, is the stiffness factor for the member having the end slope, xen 
and is the sum of the stiffness factors for all” meeting at the 


joint. s the rotation factor” for Member 1 ot 


the joint under “consideration. In this paper, the far ends: of all 
considered to be pin- n-connected or r simply supported. 
Usual Carry- Over Factor. Pig. 1 it is observed that the end angle 
ae changes in a simple beam loaded with a single ¢ end moment ate in the ratio 
eres of 2 tol. _ This represents the condition of a member when one end is being 

rotated into continuity. Hence, the carry- over factor for r angle change is 


whenever the member is or of uniform section. 


ae 
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The simplest pen most obvious sign convention is to call -clockwise rota- a 


tion positive. It follows that the end angle changes in a simply supported 
a beam —_ downward loads will always be positive at the left and negative at — 
the right. _ Furthermore, e, the same signs s of angle changes" apply for the case 
of a simple beam with a clockwise moment applied to the left. end, as shown 
in n Fig. 1(d). Accordingly, it. follows that the carry-over factor for ar angle 
change is of negative sign, , namely, — 0.5. get 


The sign of a rotation, 6, necessarily i is the same as | that of the 


angle change, ¢, which produces nm Note, however, that the end of the 
hae being operated upon rotates in the opposite direction - through an angle, — 


6 — ¢, which determines both the value and the sign of the carry- over angle = 
ve to the far end of this member. All of the carry-over angles to the far 


ends of the other ‘members meeting at the joint are simply —0.5 


The —Fig. 2 shows the application of the m ethod of balancing 

. angle changes i a continuous frame with prismatic members when all j 


[33.3% /+104* —104° 30. 


NGES FOR Feaue. (* = 
CHANGES IN LOADED SPANS; ¢ - VALUES. 
are fixed against tr translation. This: academic example was chosen to illustrate, 


quite simply, the general procedure, Fig. shows the loaded frame and 
‘Gives the properties of the -members. ‘The end mee changes of the Joaded 


Spans, when the joints: are -eonnected, 
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‘BALANCING CHANGES: 


the joint end angle changes in BD are those = a 


span, are the resultant t end slopes of the simple with a 
center load o of 1000 Ib and an applied moment at the right-hand end 
ad 4 20000 ft-lb. From these joint rotations, the deflected structure can be sketched - 
‘ and the end moments calculated by us use the standard slope-deflection equa- 


be 


Only» the balancing of angle changes to obtain joint r rotations will be dis- 
~ eussed, since ‘the remainder of the procedure | should be clear to vad one who is” 
familiar with the ordinary theories of indeterminate structures, Shane 
Balancing the A ngle Changes. —The balancing procedure started 


; ie: 2(b)) at Joint B, although a any other unbalanced joint nh. have been 


oint rotation of 66. 1% of of 4 104 « or + 69. This i is s simply the Gan. change 


times joint rotation factor, Joint ‘rotation factors” 


J 
- values } are expressed se fa at 


joints. for convenient reference. End B Member BA 


of 69 which gives rise to a carry-over angle of — 34 to 


a. oint A. The carry- over factor i is — 0.5 and only whole numbers are recorded 


in this" example. B of ‘Member BD has been rotated backward 


+ 104 to + 69, or through an angle The carry-over angle i is 


Two angle changes” occur at J oint D which was selected a: as the second 
joint to be balanced; that i is, — 41 in Member DF and — 87 i in Member De 
obtained as: algebraic sum of — 104 ai and The joint ‘rotation 
23.1% of - plus 30. 1% of 87, or a total of — — 86. The carry-over angle 
E, ‘therefore, is + ‘End D of Member DF has rotated positively 


— 41 to — 386, or through an angle of +: 5 which produces a ¢ carry-over 

Se, ul: angle of -, 2to End F. End D of Member DB has rotated positively from 


~ 


— 87 t to =3 36, or through an angle of + 51. carry-over angle to B 25. 
There is no carry-over angle to End of Member DC | which isa “fixed 
end. To. allow for the added resistance of this member to ‘ins rotation at D, 


its K- value or stiffness fi factor was increased hip when Joint rotation ‘factors: 


4 entire “resistance to ‘rotation “occurs 
Member ‘FD which has a joint rotation. 
factor of 100 per cent. Henee, ¢ each value 


of ¢ is simply recorded as a joint rotation, 6, 

é and there i As no carry-over angle to Joint dD. 
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sistance to rotation at Joint W 4 h 


made 
and D which involved merely a ‘repetition of the procedure that: has 


already been described. Tepetition ‘Was necessary in to balance out 


CCURACY IN 3ALANCING ANGLES 

In Fig. 2 the balancing process “was stopped. when the carry- over angles _ 


became less than. unity. This is proper procedure. Greater accuracy 


values of and The fourth and ftth joints balanced were 


- 


- could be obtained if desired by introducing an extra significant figure into 


the original angle changes or $- -values. A device frequently found useful 
double or triple the first three significant figures of the original ¢- -values 
"4 and then balance joints ‘until the carry- over angles are less than unity. _ This oa" 
~ device can be used to improve the accuracy of the analysis without adding a 
fourth ‘significant figure’ to the original ¢- values. course, , the final joint 
rétations must be | reduced in the same ratio that the original angle chang s 7 
increased. _ Accuracy was sacrificed for clearness in Fig. 2. 


q __The simplest procedure for checking the analysis i is to apply the equation 
w= = 0 to each joint after final moments’ are determined from the 6- values 
by use of the slope- deflection equations. © Since the balancing | is performed a 
on angles rather than moments and since fixed-end moments’ are intro- 
duced through the. ‘slope- -deflection equations, any error in compu: 
“tation of an original angle change, in the balancing 
application of the slope- -deflection equations will be detected by this simple 
check: Of ‘course, compensating errors might occur, but this slight possi- 
bility for e error exists in all methods. sketch ‘of the structur re will 


Basic Terme: ‘Redefined—A variation cross-section or a curved: axis 
n affects the resistance of a member to end rotation and makes necessary acare- Ae 
5. ful calculation of end angle changes, joint rotation: factors, end tarrpover 

factors. — End angle | changes can be computed conveniently by use of the con-* : 
Jugate-beam Since the possible variations of loading are 


ue Fic. OF Fie. A Fie. 6.—ROTATION or 


D. ote tion. factors’ and. “carry: ‘over factors can be obtained quite simply from 
ich the angle. changes that oecur at the ends of the simply supported beam loaded ee 


with'a unit. moment at one end (see Fig. ry-over f factor for angle 
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Point A to and hen a negative sign as in a pris- 

beam. is rigorously as the ‘moment necessary to pro-— 


y is —. The factor, K, has been used 


since 


to relative stiffness. H 
EK for such a beam, it is permissible and 
p sibly to omit the factor, 3B, i n making calculations for a | 
ware haunched beam. Accordingly, one can define K as ——— for the haunched : 


es and then the definition for the joint rotation factor remains s unchanged 

Curved members can by this procedure without re-defin- 


ing any terms carry-over factor for change may reverse its sign 1 


SETTLEMENT or SuPPon ORTS AND Oruer ImprEssED ew! 


; makes it apparent that a settlement of A at ; Support | C is repres sented : 


by angle changes of ¢. = + — at the two ends of Span BC and ¢, = — — 


at each | end of Span cD. x One balances these angle ¢ changes and computes 
the m moments in tly the same manner as for angle changes produced by i 
There are no fixed- -end moments to be considered when applying tl 
slope- deflection equations. Temperature change of a a continuous frame gives 
.to linear distortions represented by | end angle changes in a similar 


er. The unplanned rotation of be represented by 


1anges, as shown in Fig. 6. as 


‘The Deflected process of balancing angle changes offers 


qa ce a highly pictorial method of determining influence lines for continuous beams. | 
ee. : i is well known that the influence line for any function, such as moment or 
Me shear, can be obtained as the deflected load line produced by an impressed un unit 
distortion in the nature of the stress function; that is, a unit rotation ‘must 

be impr sed upon the structure to obtain an influence line for moment ont 

a unit shearing distortion must be used to obtain an influence line for shear 

The corresponding end angle changes are i illustrated in Fig. ‘Fig. 

shows the angle changes that will give rise to an influence line for Mo the 


moment over over Support ¢. In balancing one maintains» the ‘discon: 
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of. “duce a unit end rotation, a aa 
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“An influence line supports of a continuous beam 


« 


a 


d SHEAR AT END C OF SPAN CD 


‘unit, angular discontinuity will be ‘maintained | automatically y 


the standard ‘procedure of balancing angles. Similar configurations for obtain- 

ing influence lines for shear between | supports and d at a support, are illustrated : 
Fig. 7(c) and Fig. Observe that there are no angular discontinnitice 


% o be removed at the sections of vertical displacement. 


7" Approximate Influence Lines. —The procedure, as described for continuous “hy 
beams is quite as applicable to all ty pes of continuous frames i in which joints 


= not translate. 


an influence line rapidly feo obtaining the approximate load 
: divides ; that is, balance the angle changes shown in Fig. - without ake. 
attempt : at ‘great accuracy, and then, from the approximate values of the 


ence line desired. _ Approximate influence lines are frequently quite as useful — 


as exact. ean Hvtieten, the exact influence lines can 1 also be obtained rapidly 


Tue Prosiem oF ont TRANSLATION 
Sieh or Estimated Deflections. —Rigid frame structures usually | have | 


eurilans that are free to translate a as permitted by the elastic Manian |. 


such a structure would be 
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BALANCING ANGLE CHANGES 


end moments. When exact deflections cannot be known 


it 
_ these angle ae to obtain the joint rotations, and then | compute 1 the corm 


the analysis upon th a them, later introdueing correction factors if necessary. The 
_ oe rocedure of basing an analysis upon estimated deflections has been presented — 
Successive Distortion.—If deflections cannot be estimated with 
"accuracy, one can always: revert to the device of obtaining the ‘shears in all 
- stories or panels from an applied distortion (represented by equal end angle 
ee ee changes) produced, successively, in each story or panel, _ Then, by combining 
these configurations to produce the desired d shears, o1 one e has obtained the true, 


4 but it is s useful in the study of open web tector where it furnishes the | data 
for a a study of of partial Hive. loadings. Bile 


Rotations. —The analysis of secondary stresses in trusses forms 
; Ey a - perfect illustration of the use of predetermined de deflections for computing 
= indeterminate moments. . Since the. deflections are produced primarily by the 
changes in lengths of the truss members only to a slight extent by 
the secondary moments, they are readily calculable, 4 ‘However, , only the bar 


rotations ar are needed to start the Sen, Uae and these can be obtained 


A 


hangs of the triangles of a truss | 


in his book entitled Bailing? 


3 a In Equations (1), (2), and (3), AA represents the change i in Angle A caused 
Bo the stresses, sap, Sca, and sie, in the ec correspondingly | lettered bars. of the 
truss of Fig. 8. Accordingly, ‘if it is assumed that Bar, a-c. remains: 
a- b. Similarly, Bar b- rotates through 
an angle, AA + AB, Bar b- d rotates 
through-an‘ angle, AA +AB- “Al D, ete. 


tions relative to: a line through: the supports, or a- it, are by 
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ow Secondary Moments.—Bar r rotations ¢ are we treated as end angle changes and 


balanced by the usual ‘procedure to obtain joint: rotations, Then, the secon- 


= 


is the bar rotation. 


| Shear Adjustment by Proportion —A | simple bent will be) used to illustrate 
the general method of adjusting shears by proportion. | Such a bent is charac- 


_ terized by having a single degree of lateral freedom — its side lurch. Hence, iets 
if moments and shears are known for any given side- -sway, those corresponding m7; 


ra to any other side- -sway can be obtained by multiplying the known moments 


and shears by the ratio of lateral deflections. It follows that the balancing 
"procedure can be started by i imposing upon the bent an unresisted side lurch Ba 

represented by eq equal angle changes at the top and bottom of each column. 
Then, by balancing angle changes, — one obtains the joint “larg 

which the — Vo, are determined by the relation 
_6EK. 


of horizontal shear t to calculated horizontal shear is then 
to be used as a multiplication factor for adjusting lateral deflection, joint — 
and column and girder ‘moments. The “actual” horizontal shear 
May be caused by | lateral loads or by an artificial restraint introduced or i= 


the balancing process when | one is the effect, of 


Riveted . connections elastic distortion ina both of which 
yee permit angular discontinuities to occur at the joints. r For the purpose of | 


“outlining a 1 method of analysis, it is ‘unnecessary to ‘distinguish | between 


elastic and | plastic joint deformation, although it is evident that these effects i “a Br? 
= have to be harem and studied separately to investigate the action of — 


Balancing Mo oments and Angles. — Ta data on on joint slip are available in , a 
a paper* by J. Charles Rathbun, M. Am. Soe. ©. E. The cases to be dis- a 
cussed will be chosen so that these data are » applicable. | The method « of - : 

aida given herein will involve the double conception of balancing moments ee 

and balancing angle changes The procedure ean be developed entirely in 
ms of balancing “moments, but the -eombination suggested herein has 

advantage ‘permitting the use of standard stiffness factors and 


unchanged carry- of 0.5 = ‘member. The method 
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“Fixed- End “Lb b Divided ded by 100 1000) 31. 0 —60. 4 


for When Mz = = 36: 


Second Correction for Joint Slip 
When Mg is Revised to 16.7 0.2 
(@) BALANCING MOMENTS WITH CORRECTIONS OBTAINED FROM (6) 


¥ 
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Joint Rotation Factors 


End Angle C Changes 10 107 


000020 —0.000020 -+0.000010 


(b) BALANCING ANGLE CHANGES TO OBTAIN JOINT ROTATIONS — dace 


oF CONTINUOUS BEAM WITH ELAsTIc ‘CONNECTION av 


bes an elastic connection having a modulus of rotation of 4.2 x 10° in-lb per — 
(radian) rotation in Span BC and 2. 9X 10° in- -lb per unit “rotation in 
6 _ Fixed- end momen moments are computed nnd the moments at Joint B are balanced 
once to obtain the first approximation of 31 000 in- -lb for M,. This moment 
will | be reduced considerably by joint ‘deformation and as’ point 


i. was assumed that the final moment at Joint B would b be sscay eid to 


= 


0. 000107; ; and, = 
0.000074. | These ngle changes ‘must be maintained as angular discontinui- 

ties and, accordingly, they are n not balanced. — _ Nevertheless, there is a carry 

& 7 — 0.5 bac to Toint C which is to b e » balanced as in “previous 

_ End moments are vealeulated from end rotations by the. slope- deflection 

equations and are introduced as fixed-end mome Joint moments are then 


completely balanced, and the joint moment at B is found to be 17900 in-lb 
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— “Am, Soc, C, January, 1935, p. 40, Fig. 33, 


a compared to the estimated moment of 15 500 in- -Ib. The true moment lies a 

between these values and was then estimated at 16700 in- ‘Ib. be Correction 

“moments: can be obtained in this simple example by proportion since there is 
_ only one elastic joint in the structure. _ The revised value of M, is 17 000 i in- ‘Ib, 
which is close enough to the assumed value of 16700 in- -lb to make a a further 4h “2 
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in-lb ror Joint SLIp_ ARE BASED ON ASSUMED MOMENTS oF :—M,, 


the writer by Professor Rathbun’s procedure. 


Continuous Beam with — “Two Deformable Connections — —The second 
example, shown in Fig. 10, represents : a more ‘complicated analysis. of a frame 
having two joints where both elastic deformation and plastic joint slip occur. 


os, The modulus of rotation for the connections at Joints B and CG are as § shown 
note that it is not permissible i in this case 


Modulus of Rotation for JointC | | ‘ _ Modulus of Rotation for Joint B 
Data from Rathbun's Specimen ‘Data from Rathbun’s Specimen 7 | 


to implify the analysi by the assumption a relationship 
between joint slip and end d moment, bik. con 
procedure is started in Fig. 10(b) by a of fixed- 


moments at Joints C and B. From these ‘approximate 1 moments, an estimate 


final moments is Care should be taken in making estimate 


ie because a close approximation of the final ‘moments will remove the need for 
making additional corrections. From the ‘estimated moments and ‘the 
of Fig. 11, one obtains approximate values for: joint slip. These angular dis- 
continuities | give ve rise to | carry- -over angles 7 which are balanced in Fig. 10(c).. 
F rom the computed values of end rotation, one obtains end “moments which 
are shown followed by an asterisk in Fig. 10(b). When 1 these moments ha 

—_ balanced out, the end moments were compared with the estimated values _ 
and found to be in reasonable agreement. However, to illustrate the pro 
edure of introducing corrections, an improved estimate of final “moments 
‘was made, and the changes in these moments were used to obtain correction 


angles from Fi; ig. also are balanced in Fig. 10(c). The ‘correc: 


Boration JoInTs oF ‘FRAME OF 10. 
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tion moments obtained from correction are introduced 


Fig. —10(b) balanced to obtain: final moments. Second corrections to. 
moments. and angles ¢ are marked with a ‘dagger i in Fig. 10(b) and Fig. 10(c). é 
Sign Reversal. —The foregoing procedure will not be found easy, to under-— 


x pre until one is quite familiar with the methods of balancing m ‘moments and j 
balancing angle changes. ‘Possibly. a confusing ‘point is the reversal of 


ee signs of the moments as obtained by the slope-deflection equations. — This is 3 
necessary because of the fact that the signs of internal moments are used 


in the balancing procedure, whereas the signs obtained the 
application of the slope- -deflection equations apply to the external resisting : a 
‘The conception of balancing angle changes can be extended into a direct ae 4 
method of distributing joint rotations that is useful where only a single ; span me 
re ote an in elastic frame i is loaded. It is also valuable as a tool for rapidly obtain- 
| approximate influence values; for instance, the joint rotations through 
| the frame produced by a unit angle change ($- -value) at one end of a particu- — 7 
member. The extent to which this method of direct distribution might 
“take the place of the general method of balancing angle changes depends 


upon the individual ual preference of the reader. 
Values of (Kappa) 


ol 


‘Ovas Facrons AND K- VALUES FOR DIRECT DISTRIBUTION or 
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Stiffness Dependent Upon End Restraint.— —Fig. 19(a) resultant 

-values as produced by a unit -value at End of Member AB which is 

are restrained but not fixed at Joint B. - Since stiffness is defined as resistance 
to rotation, the stiffness of the member in terms of rotation at End Ais 

inereased by the restraint at Joint B. ‘The stiffness: at a joint usually 
expressed as Kee + Ke If is defined as the ratio of the 
stiffness: of the restrained member to its stiffness when the far end, B, is 
i simply ‘supported, then K k becomes the stiffness ss factor for a a restrained member 
exactly comparable o the K- value for an unrestrained member. From the 


1, Fig. 12(a), it will be evident that 4 = 0.75 + 


Tyas 


The carry- over factor for joint tation 


= 


Thee curves of 2 the of K a a wide vai variation 


‘the Actuals, when the far ends of the members 


1 


‘this refinement is unnecessary when approximate 6- values are satisfactory. 
Examples ¢ of Direct Distribution —The use of the curves of Fig. 12 is 


illustrated by ‘the two examples of Fig. 13. The elastic frame in Fig. 13(b) 
was analyzed previously in Fig. 2. The -value of +) 104 at End gives 
ise to ‘the joint ‘rotation of + 74 ‘which, in turn, , produces the joint rotation 
of + 6 at Joint D. The remainder of the 6-values are produced by balancing | 
Joint D and over the proper rotations to Joint and Joint F. a 
aa” box culvert is. is analyzed in Fig. .13(a) for the effect of a f a single ¢- -value 
of + 167 at Corner A. The joint rotations | become influence values from 


; which the effect of : any symmetrical loading could be obtained. - The calcu ula- 


tions” are > self- except perhaps for the use of a single «value 


Actually, there are slightly different x-values for the 
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ecte . The ling effect upon carry- factor was_ 
greater importance, and, accordingly, two carry- -over factors \ were eenes 


@— +167 


B 


aa 


INFLUENCE VALUES FOR FRAME 
Fig. 12 NT 


method to that of | balancing tool can be ‘used to analyze 
continuous beams, rigid frames, -open-web _ trusses, building frames, con- 
tinuous arches 0 on elastic piers, and “other « continuous framed structures, 
certain cases they can be used to’ advantage to ‘supplement each other, as in the an 
analysis: of a frame undergoing joint slip. procedure of balancing angle 
changes possesses’ the inherent disadvantage that final moments a are ‘computed 
from the differences between angular ‘rotations. Hence, angular rotations 
be computed with ‘greater accuracy than joint moments by the method 
of ‘moment distribution. However, the method of balancing angle changes 


"possesses: two: important advantages of its own: (1) It is essentially self- 
checking; and (2) it offers one the clearest possible picture of the physical 
Pee of the structure. — ‘These attributes seem sufficient t to justify its use by oo 

those designers who are accustomed to thinking in 1 terms of rotations 
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paper to present for criticism and discussion 


definite rules and data; to suggest necessary test and research projects ; to 


emphasize that design should provide positive safety, at speeds ‘of which 


vehicles are now capable, or may” be capable, in 1 the : near future; and to sug- 


an immediate raising of design standards for trunk highways. 

The paper presents only an outline of a broad “subject and is intended 

anal to direct. attention in ‘a positive manner to safety in highway 


Ameriéan streets and highways 


TABLE 1. —Types oF OF RESULTING IN AND 


o | ageof- 
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"practice and of the manner in whic it ‘should be improved the 
increased speed of ‘the present and future motor car. No - other engineering 


structure” has such a death record as the highway. Table 1 


Not, -—Discussion on this paper will be closed in 1936, 
fs =a Asst. Engr., Port of New ¥ork Authority, New 
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THE "THE MODERN EXPRESS HIGHWAY Papers: 


accident record in United States” for 1935. Certainly ma many 

more accidents are chargeable ‘to the “highway itself than statistics indi- 

cate. The failure to attribute accidents to. faulty road | design” is to th 
several: causes principal of which is the subtlety of the. problem, Police Ba 

‘officials are not always trained ‘to analyze the basic causes of accidents 

: ss properly, and there is a definite temptation to blame the driver because such 4 

more concrete and along lines of least resistance. 4] 


oe: ae The motor-car designer has set a pace which the highway designer has 1 not 
anticipated ‘properly. 
highways to replace highways cannot be produced so “This: 
= os ‘imposes on the designer the task of producing a a highway suitable for the car 
of ten or fifteen years in the future. So far, in general, this has not. been 
; done. The result is a staggering economic loss” in life, property, and capital 
expenditure. To-day (1936) there is a large road mileage, less than tens 


vous ‘years old, which i is hopelessly obsolete sc so far as the safe and efficient ‘operation 


of the present ‘motor car is concerned. Asa an example, in 1935 several manu- 
facturers of motor vehicles (some cars in the medium-price class) advertised — : 

‘ that their cars would. maintain a sustained speed of 100 miles per hr. ‘The ‘a 

Toads to accommodate | these cars are not now in existence. 
The ise in the accident and death rate is “recognized we be. 

increased speeds. vehicle ‘itself is. far safer than formerly, but the 

inal ‘speeds result in in more serious accidents, involving ‘More cars with a 

consequent greater loss. of life. high there is less time to correct 

an error of judgment, and it must be recognized that time element is 

a the new factor | of importance which has entered the problem. — _ Therefore, 

safety must designed into the highway, takin this ‘factor into 

account in such manner that the ‘motorist is allowed sufficient time cope 


hazards. The reckless and unsafe driver must be considered. 


4 


"disregarded with a | shrug a as s formerly. % In the past ntiorseety in n design = ‘dal 

4 been | based ox on highway e economics founded on vehicle operating costs and time ” re 

necessary, but, in the there should be a consciousness ‘of its 

:  tenee, and such facts as are now known should be applied to design. _ For a 

_ instance, in many cases, it is possible to design a highway so that ° the: motoris ‘ Rg 

. is led unconsciously | to choose the safe act rather than that which is unsafe. id Ze | 
trend of the times indicates the desirability of designing the highway 


on the basis of a constant _ = vehicle speed between large terminal points. 
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ai 1986 THE MODERN EXPRESS HIGHWAY 
it is that the decision as to the design arrived at 
| elite Wen tg: thorough ‘study of the country to be traversed and that it. 
should be made ‘personally by the principal officer in authority. Ibn the inter- 
est | of safety it is also” evident that the motorist must be notified on any — 


_ change in the design speed. | From present indications it would appear not é. 
pe _ unreasonable to design for a speed of 100 miles per hr in country not too 
This will result in trunk highways having | better alignment 
es and curvature than the high- -speed p passenger railways. 
railway maximum speed is approximately 80 miles per hr. | The drivers 
7 ‘trains are “trained, picked men, familiar with their runs, riding 
rails, with definite orders and under close supervision. . The reverse is true 


— every step in design the question should be asked: : Is this safe under — 


all | driving -conditions—darkness, snow, rain, fog, ice and snow on the 
pavement, snow plowed on to the shoulders? Every conceivable accident 


& ‘number | of feet | per a vehicle travels at any given “speed, the length of 
headlight beams, chances of visibility, all combined with the distance 


required to bring a vehicle to a stop. 


e present high speeds w 


necessary. y. It is suggested that two 12- ft esa 
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_ Center Line of Trunk Highwa 


Pavement 


Shoulder 


GESTED MINIMUM — 2 
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| 
dual highway appears t ign developed so far 
Z to accommodate successfully th ith safety. A 
seated minimum design is sl 
safety, wider lanes will be | ; 
in each direction may be sufficient if truck traine is relatively light. 
4 — 


of lanes in each direction may be 
"constructed in the unused. center portion | of the dual highway, 


connection n with ‘the high- speed James. Access t to the truck lanes 


over) the -speed Tt ‘does not appear likely that trucks will travel 


these center lanes, except: for ruling grades, be. as high as for 
the outer lanes. A most effective method of diniuatine time losses is to by- 
pass | all towns and cities between terminals, in addition to separating all high- _ 


way an and railway grade crossings. 7 safety f factor is to prevent frontage of 
ype on the highway and to exclude farm and local road. entry. appears 


to restrict access to approximately 10-mile intervals. age 
“Fig. 2 illustrates a simple type of design for rural access which has much © 


to. igen it from a safety standpoint. . The acceleration and deceleration — 
lanes are the feature of the design. | provide full visibility on the trunk 
- highway | over a period of time sufficient to enable the motorist to adjust him- { 


omy t he dual highway may be constructed in 


but upon a full width right of way. _ Two lanes may be constructed on 


ne side and used as a two- way road until. such ‘time as funds become | evel rt 


hal Fig. 3.—DvuaL HigHway DESIGN IN DELAWARE. | 


t is unnecessary to enumerate ‘the points \ Oo superiority « of 1 the | dua high- 


"good fortune to drive > over a properly designed dual highway. ‘The climina- 


principle, Rathetionliy, also, it is capable of great and develop 


shows the 
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* 
» lil onder to define more cl early t the writer’ 8 views with respect to highw 


aie it will be more illustrative if details of design | are discussed separately 
under certain more or less ‘specific sub-divisions, 
a if Super- Elevation. —With present and probable future high speeds it seems 
"untenable not to bank (super- elevate) curves. _In many sections of the United 
— ‘States banking is standard practice, ‘but in some States super- r-elevation has 
_ been abandoned on multiple- lane - projects on the plea of drainage difficulties. 


eannot be developed. proper study of drainage ‘and suitable design can 


‘There appears no good reason why effective means of meeting the situation — Ak 


eliminate nearly all ‘the accumulated water which would normally flow 


across” pavement. Certainly the motorist has a right to 
expect the protection of super- -elevation | around curves. Negotiating 


7 hi speed ¢ a curve with ‘ “reverse” banking when the surface is covered with 


ice or snow is far from a pleasant o r safe experience. 
As far as the writer is aware the proper rate of biinking. 
-radius combination is unknown. Comprehensive tests using 
passenger cars and trucks on clear pavements is the logical 


to the solution of the problem. The formula in is, 


-, rates somewhat higher than are ‘required for: practical ‘driving conditions. It Sa 


eae based on the super-elevation maintaining equal weight on the inside and 7 


outside” “tires. Practically, this is not necessary, as “demonstrated from 


experience the outside tires may have considerably more weight on them 
than the inside tires without danger. ‘The point is that there are no quanti-— 
tative data upon, which conclusions « can be based as to how much 


to assume some arbitrary than the actual speed 


Here is an opportunity for much needed research, 
Curves.— From an ‘analytical standpoint the ; minimum radius will depend 


on the maximum permissible rate. of banking and the speed assumed. For 
example, suppose it is desired to design for a speed of 100 “miles” per hr, 
_ assuming 1 in. per ft of width as the maximum rate of super- -elevation « and, 


A further, that Equation (1) will bank the curve safely if V is taken as 60 miles oe : | 
er hr. Substituting in the formula, a minimum radius of 2900 ft is indi- af 2 


cated. ‘This method of me minimum radius is superior to “the 


is doubtful curves will be 1 necessary. vehicle i is free 


i by Present 8 
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« * tos spiral the slight amount necessary within the wide lane in order to accom- oa 
 modate itself to the large radii require Opinion is not — 


in ‘solving ‘this however. Practical road tests are 


necessary before design practice can be established definitely. 

cae ‘Careful thought and designing are necessary in providing the transition : 

“Rrkaeay the normal crown and ‘the banked section. it does not seem reason-— 


= able to adopt a standard length and _ treatment regardless of the radius 3 and 


rate of banking. — Certainly the treatment should be such that there e is no- 


> 


> tendency for the vehicle to be “thrown i in ” toward the center of the « curve, ad 


| ‘to swerve out. The ic ideal is for the design to be such that the vehicle — im 
may enter. and leave the curve smoothly—almost automatically. | 


distance between reversed curves depends on the time required for the 


oe. rf ‘driver « of a vehicle to ‘ ‘come out” of one curve and prepare to enter the 1 next 
- one. As an illustration, if a 7- -sec period and : a “speed of 100 miles per hr is 


AUT, 


assumed, the minimum distance between reversed curves will be approxi- 
“mately 1000 ft. ‘The’ writer. is unaware of any observations upon which to 
base any ¢ conclusion as to the proper reaction time between reversed ¢ curves. 


‘This time interval may have some relation to the radii of ‘the curves. 


Grades—The r realization is growing that long smooth grades and vertical 
curves are essential for confident and safe operation, at high speeds, "Rolling 
grades create a hazard for night ‘driving. Shadows cast by headlights result 


a t 


may more rolling grades when considered i in the light" 


eee a At a speed of 100: ‘miles per hr a car travels 146 ft per sec. It would — 
ae reasonable to provide uniform gr grade conditions for a period of at 
10° sec. this speed is assumed in the design, a m minimum length 
- profile tangent of 1 500 ft is indicated, | The lengths of vertical curves should — f 
pe be such that, within the limit of vision of the headlights, shadows will not be [| 


x cast 2 and the normal length of the head-light beam will not be reduced. | This: 


r 
c 


will result i in much longer vertical curves than those now in use, In | general, | ie 
definite | data from which ‘the proper length of vertical curves s may be set are , 


definite values ean be presented 


maximum grades, but it would seem desirable to limit maximum grades to 


not available. Tests optical will be necessary be before 


ar. 
‘Present thought appears to favor alignment in preference low 


‘2 
about 5% in order to provide reasonable safety in descent on icy pavements. 
Tf commercial traffic is present in sufficiently large volume ruling grades = 


need to be limited in proportion to the ¢ economic importance of this class — 
of traffic. It may be enlightening to study the operating efficiency and speed of 

various classes of trucks, loaded in accordance with current commercial prac- 


tice, upon ¢ different rates and lengths of grades and allowing for ‘motors: not ae 
operating» at “brand new” efficiency. well known ‘that practically all 
trucks overload beyond the rated capacity of the vehicle. present, manu- 
facturers present data ta covering speeds and operating efficiency for different Fi 


| 
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— 
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i B ae of encouraging night travel would tend to spread the traffic more evenly C 
enti nt use of the inv 
entire 24 hr, thus making a more efficient ¢ 
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is ‘concerned, as applied to ‘trucks. 


_ Sight Distance—The proper approach to 


the brakes after he has observed a danger. ‘This latter interval may be 
termed the lag. The result of computations based on the laws 0 of motion and 
using ‘the 1931. rules of the New ‘Jersey Vehicle Commission for topping 

o distances indicates a deceleration factor of 17. 4 ft per sec per sec for four- 
wheel brakes. ‘This i is slightly higher than the factor deduced (approximately 


“and the interval of time sequired for the operator to start ‘the application 


Equation (2) will give the distance, 8, required equipped 
four-wheel brakes to a stop, neglecting the lag. The lag has 3 
observed by various authorities as ranging from 0.75 sec to 1.5 sec. for a 
emergency stop. - In connection with the deceleration factor of 17. 4, folic 
onducted by a New York, N. Y., Taxicab Company indicate that a decelera- — ” 


— tion of about 19.0 ft per sec per sec will throw ‘the o occupants of a car out of ie a 


the seats. This suggests a toa further i increase in braking power. 

“Applying Equation (2), ‘equals 100 miles per hr, a distance 
a stop level grade) after the 
brakes are applied. Using. a a lag of Bs a distance of 836 ft 


using | the factor, d= = 4, should be the minimum. 


Fig. 4 shows” the stopping distances for different speeds sod of 
a” - grades. ‘Tet S= = = grade, i in feet per foot hom = down grade and + = = up grade) a 
m= = mass; and, d= = the deceleration of ‘the car, in n feet | per second per secon 


then, since total ork = 


ac 


properly adjusted four- -wheel brakes, using the New Jersey State 
ae rules for 1931 a value of d equal: to o 174 is deduced from which it is ay 


A 


is not used and the design consists of a 
=a two- -lane, two-wa -way highway, p passing | , distance becomes the controlling element. 
_ this case a sight distance of more than 2000 ft may be required for oe 


2Manual on Uniform Control Devices for Street Highways, 
Standards, Appendix 0, dated March 4, 1935. 
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reasonably safe this distance does not t take into consideration 


the speed of an n approaching ear. The ‘gutting menace is one of the serious a 


So of S, in Feet per Foot 


STANCE REQUIRED TO BRING A MoToR CAR EQUIPPED | WITH 4- WHEEL BRAKES TO 
Lae > 4 


Shoulders the : shoulder is looked upon as a factor of safety a healthier 
cost: will develop. ease of accident « or. mishap it may 


as important as the pavement itself. “Many minor accidents develop 
“major accidents when cars swerve on to the shoulder strike ‘some 
fixed object, or over-turn. car to dodge 
= out on to the shoulder to miss a a sudden accident ahead. K or » these reasons 
. is apparent the shoulders should be wide (preferably not less than 20 ft), 
level with the pavement, paved suitably accommodate vehicles safely at 
high speed, cleared of all obstructions. Ditches are recognized hazards 
_ are being eliminated i in present modern designs, but obstructions, such as 


poles, , trees, warning signs, head- walls, standards, ete. are re not so gen- 


a public officials permit private utility companies 1 to locate poles within a ew 
feet of pavements ‘instead of along the right- -of-w: -way lines. 

7 “ Curbing is another element of danger which has not been generally recog- 
“nized. Tt is recommended | that it be used very sparingly and only in places 
where it will p prove to be a safety device instead of a hazard. z3 It is well 


to keep i in mind that the essential function of a curb is to protect pedestrians 
on sidewalks, to form drainage channels in urban areas, and as a first line of 


Signs—The setting | of warning signs as fixed objects near 
was probably derived from railway practice. Since the motor vehicle is not 


confined to fixed rails, signs set i in this manner constitute a hazard. * 
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standards. © To be effective they should be illuminated at night in such manner © 
a that t the motorist is not bh blinded and so that objectionable shadows are. not 
| oe ae The ideal would ap: appear ar to be a luminous type visible for a ps 
- distance, but with a limited light source. Reflectors are ‘not always effective — 
under certain | conditions ai and, of necessity, must be set in a position to “tol a i 
cept head- ‘light beams. In such a position the reflector usually becomes 


me A criticism frequently heard is that direction signs are not placed sufi 
ciently in advance to permit the motorist time to make a turn properly and 
safely. This safe distance will be increasingly important because of advanc- : 
ing speeds. Braking power and feet traveled per second are the 


Duplication of direction signs will also prove helpful, 
Guard- -Rail. —Probably no. other single highway structure the 
 ~eatne of so much loss of life and property aa the guard- -rail, Because itisa i 


hazard at best it is desirable that as little of it be placed as possible. . UF ee 

fills of ‘moderate height it would appear logical, therefore, to substitute tices 

wide: shoulders and ‘flat side slopes. would eliminate many 

railing. In locations where the guard: rail is essential, only Tail of such © 

design that damage to the vehicle. and injury to the. occupant are avoided, 
>... 


The’ enlightening paper by Searey B. Slack, Am. ‘Soe. * covering 


- creates bright areas around | which are pools of blackness difficult . for the | eye 
‘the driver t to penetrate. Indeed, some types of units” defuse ‘the rays 
laterally and upward leaving the pavement and an area ‘some distance above 
the pavement in semi- “shadow when compared with the e brightness: of the light - 3 
‘itself. effect. on the motorist is to. create a a series. 3 of blind | spots. ‘Rain, 


ren 
with their brilliant lighting well Some of these | stations 
fy produce a blind interval of several seconds. Proper legislation could eliminate a 


this latter hazard. I If highways are tc to be illuminated it is ‘apparent that a 
w radical departure from present methods will be necessary. 


a Pavements. —Present thought i in pavement design: appears concentrated on 
only sufficient strength, with a small factor of safety, to prevent 
a 


actual failure. It may be ‘that | too little thought is being given to providing a 


sufficient thickness and steel reinforcement to perpetuate the good riding 


“qualities: originally built into the pavement, The natural forces of 
i _ temperature, frost, and plastic flow i in concrete tend to distort the riding sur- ae 
face. is established that profileometer_ readings increase each successive 
year. ne, after five or six years, the riding qualities | are greatly impaired. 


The walle is as interested in smoothness the entire life of the pave- 
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I 3, , such 
may not * unsafe, but. at which may ‘be common in the 
future, it may | vital. A slab reinforced. top and 


slab will be ‘relatively . atiffer and will have es deflection at transverse joints, 
= thus tend to lessen present troubles. at the joints. A test program —_ 
do much to throw light on the problem. | 
<a present, joints are e receiving much deserved attention, ‘They will be i in- 
_ereasingly important ‘the future. Noise caused by the joint may be 
equally as important as smoothness. speed of 100 miles ‘per hr 
«joints on 50-ft centers, a vehicle will pass over three teaneverne joints er 
—_ If the jo'nt causes noise it may prove more annoying and conducive — 


iS o driver fatigue than the ‘ ‘clicking” of rail joints on the railways. Hen a) 


‘Terminals and in Urban Areas. —In areas 
Baie + speeds may have to be limited to approximately 40 miles per hr i in the e interest 


safety. Because of the specialized nature of the problem, the ‘scope of 

-* paper does not permit a detailed discussion. me Each Tocation presents indi- 
vidual design problems and must be treated on its n merits. In ‘the wi writer’ s 
opinion | simplest | possible layout is best. compli 


ich) 


—— eonfuses: the motorist may be more conducive to lost time than a less mechan- 
jeally perfect design that is simpler. The mc motoring public objects to 


Jost.” The present tendency to eliminate all left turns on the secondary 


be unnecessary in 1 most cases and may y lead to undue complication. — ~The 
a - decision as to the use of a design: with no left turns depends on the peak- -hour 


cs volume of traffic 1 using t the. ramp and the street to be entered . If traffic on 


the street to be entered is light and not moving at high sncel, left turn: 
may be permitted with safety. If the street to be entered is equipped with — 
traffic lights" the criterion will be that no more traffic shall accumulate in j 
the 1amp t than will clear during a light interval. , Observations show that at 


+ 


least. in ‘two lanes, will clear out easily a 1- amin, Tight 
interval. This is equal to Tess than 300 cars 


the volume of traffic as related the diameter and the ‘number of 
entrance ‘streets, to” the end that ‘weaving action may occur. The 


charge that traffic ‘circles are dangerous is true if if the circle is i 
-speed highway where speeds are greater than 40 miles per hr. At speeds 


of about 40 miles per hr, a circle can be made safe with proper lighting, | ade- | 


quate illumined over- -head warning signs Placed sufficiently in advance, and 


by eliminating curbs and obstructions within and ¢ 


which require the main n traffic to by- are 
turn-out ramps should be designed 


that does not to run into ‘them. Curbs 8, if any, should b be low and 
walls should be started ‘sufficiently back from the nose to allow the “motorist _ 


jay 
avoid crashing into 1 them. Obstructions (signs, reflectors, light 


ards, ete ) placed on n the n nose are an added hazard. Proper lighting i in the as 
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will b be assistance in heads safer. of them have been 
) designed in improper positions, and then loaded with signs and | reflectors. — 
Such installations have resulted in many serious accidents with accompanying 
> loss of life and property. No part of the ‘design deserves a more > careful ac acci- - as 
dent analysis than ramp heads. not necessary for the motorist to enter 
ramp at breakneck speed ; is it to. use curves of large 


be so. designed. properly ‘ ‘signed! far advance, 
_ the motorist will find it even if it is off to. one side of the highway. Sie- eee 
It is well to repeat that | simplicity of layout consistent with and 


1920) are obsolete as far as alignment, grades, and details 

: These shortcomings are the | cause of untold suffering and loss of life as well 

‘aS an enormous economic waste in property loss and “capital outlay. Unless 

= is a radical revision upward in design standards, history may repeat Jd 


itself as far the trunk ‘system. Motor- -car design and the 
public will dictate the speeds ‘The will have little 


“a There are evidences i in various parts of the country of an awakening | to the 


_ principles outlined i in this. paper, but nothing really concrete has been i 

on a national scale. Germany, on the other hand, actually has under -construc-— 
4 tion the first unit of a system designed for speeds as great as 115 miles per hr. Fs 
‘The highway engineer is facing a tremendous responsibility. He m must 
have courage and vision. He controls the destiny of billions of dollars and 


he 
f 3 tens of thousands of live Safety for the motorist must be the watchword. ‘ 
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SELECTION OF MATERIALS FOR ROLLED- 


‘The ‘traditional manner of determining suitability of material 
das is to exercise judgment, based upon | previous experience, aided by sense “a 
testimony, as experience, “fee]” to the hand, and possibly grittiness 
between the. teeth. In recent years, with increase in the number and size 0 ¥ 
earth d ams and the occurrence of “unexpected failure, it became apparent 
a more scientific method of selection was needed. The first efforts i in this 
"direction were for hydraulic- “fill dams where knowledge of particle size and 
other physical propertios was found —s as a guide to safe and permanent — 


BA 
‘The re recent improvements in equipment for 


an economic competitor of the hydraulie- fill dam. _ Due to this. fact and to 


the freedom of the rolled- fill dam from the element ¢ of treachery during con- 
_ struction, it is becoming a more popular type of dam. ‘The rolled-fill dam hee. 
this: disadvantage, however, that if failure occurs, it does s so when the struc: 


so reduced the cost of rolled- fill ‘construction that the rolled: fill dam is >. 


ie 


as highway construction, the present tendency in rolled- fll construction 


is toward the use of scientific earth-testing methods. This tendency extend: 

of material and to control during construction. 

7 This. is paper is confined toa ph of earth testing” as an ai 

selection of ials. 

q 


principles. of soil 


_ NoTE.—Presented at the meeting Irrigation Calif. 
Z July 4, 1935. Discussion on this pape: wi!! be closed in December, 1936, Proceedings. rf 
*Cons. Hydr. Engr., San n Francisco, Cali, 
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to this characteristic and to the fact that practical earth-testing methods 
a 
> 
= 
for Those pringinlos are by cortain 
re a 


“for rolled- fill dam construction. Mechanical analysis, combined with micro-| 


a scopic examination and, in some cases, a simple mineralogical test, is proposed 


as a basis for determining suitability. . Before making a final selection these 
may be confirmed by tests for and permeability 


easonable water-tightness against the maximum head of water; — 
Workability in construction operations, involving spreading and 
in thin layers upon the top of the embankment by the use of 
(4) Insolubility of the mineral constituents composing the individual 


(5) Reasonable cost: of handling, including excavation, transportation, 


the a permeable down-stream section, freedom of | 
~The essential requirement for stablization of earth is high 
strength resulting from a proper combination of "cohesion and internal fric-— 
tion. This « ean be secured in a  well-g graded material through “mechanical 
= to the point of maximum density by tamping, rolling, or the 


etre 


Tas 
of animals. Internal friction in an earth material is produced by 


_ the of bulky granular particles held in contact by 
Cohesion upon the adhesive ‘strength due to ‘molecular 
al attraction of minute films of water and moist clay particles between granular a 
particles. As an illustration, C. A. Hogentogler, Assoc. M. Am. Soc. O; E., 


states” that an 1 almost liquid with cohesion amounting to about, 130 


an power of ‘the latter from 270 Ib per sq tt to 2 500 ‘Tb per sq 1 ft. | Water “3 
or plastic soils usually have the same characteristics as as water 


Tises freezing point and the tension increases 
that the films become tough. Charles Am. Soe. E. , states that 


pal requirements for suitability of material for the impervious 7 


Papers 
in concrete technology. It is shown that particle size has a direct rela- 
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September, 1986 
tinea of less than 0. 00000 
‘The thickness of films" on river passing a 10- ‘mesh 
estimated at 0. 00002 in. “ and that passing a 60-mesh sieve at 0. 000005 in. 
| This” thickness decreases with the size of the particle, and in the case of clay 


is much less than for sand. As a result of this toughening of water films by 


the compaction of a “plastic soil, the latter. changes to a semi-solid « or solid 


ondition and acquires stability. If the size of the earth particles 
ently varie a sufficiently high degree of compaction is obtained, ‘this 


stability ‘Becomes permanent even when the material is submerged in water. 


Active research in ¢ earth stabilization has be een conducted during the past — 


-y decades, first in connection with highway constr uction, and more 


for rolled-fill dams. ‘ Research i in | the latter field has deve eloped the fundamental 


‘principles of earth compaction’, while the former among many other 


Probably tie most severe test for the stability of is as 


wearing surf ace for an earth ro oad. Such a surf: ace must remain unyieldins 
a hard under pressure | and the impact t of the | heaviest t tr atlie; and it must 
be free from mud i in wet weather or excessive e dust in dry \ weather, Although 
7 t the forces acting upon a — are not concentrated as are those upon an earth | rh 
road, they are of similar character. They consist principally of pressure 


ie: from the weight of ‘superimposed water and impact from waves ote 


mergence and atmospheric e expos of the i ei 
ments for permanent stability in earth ro rads and in 
change of ‘research data is admissible. 
; cose Without going into unnecessary detail, the conclusion may be stated tha 
the | ‘result of research, now thoroughly tested in practice, permanent 
stability rolled- fill earth dams ean be obtained wit th well graded materi al 
compacted at a critical moisture content by use of appropriate mechanical 
equipment. The importance of this finding merits” ‘the. following detailed 
consideration of both grading and compaction, 
Grading. —A graded earth ‘material is a mixture of earth particles regu 
darly proportioned by size. ‘The most: desirable range of sizes and degree 
grading differ with the type e of construction and the | service. For concrete 
aggregate a limited number of coarse particle sizes is” used. Fo or stabilized 
earth a wide variety of sizes, including both coarse and very” fine, 
desirable, Tn. earth-stabilization practice it. is seldom possible ‘from the 
economic standpoint to prepare artificially graded materials, so that natural © 


pi earth, 


ire. Beca 


su 


; 3 quake shock. An earth dam must also retain its stability under altern e aub- 
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Journal, Am. Chemical Soc., Vol. 41, ’ 
News-Record, 31, September 7, 
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mechanica well-graded earth — ‘diversit ty 
in particle size. The coarser particles held on a No. 10 sieve, including 


"gravel, pebbles, and cobbles, m: may be. considered as the coarse aggregate and the 

- finer particles passing the No. 10 sieve and consisting of fine ‘gravel, sand, 

silt, and clay, combined with water, may be considered a: as the ‘mortar. 


oe func‘ion of the coarse aggregate and coarse sand is to provide structural | 


4 


a strength and hardness and a high d degree | of internal friction. rat The fine 3e sand 


provides” a bedding for the | coarse sand. Silt is a filler which 


reduces void spaces s to such small dimensions that ‘tough ‘connecting water 
films are formed which p ] produce strong cohesion. It is thus evident that 


granular particles ‘from rocking. Clay occupies the remaining voids and 


fractions of all sizes from pebbles to clay are necessary to provide a full | 
a 
degree of strength, cohesion, and internal friction. 
graded granular material results from the voids between 
"particles being occupied | by smaller particles. This agrees with the 
et, well known to hydraulic | engineers, the granular materials of 
— greatest porosity are t those havi ring uniform particle size su h as filter sand or 


published’ 


TH Cobbles 
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Sample _—_=~Porosity 


3 
Percentage Retain 


No. 


Sieve Openings in Millimeters 


ELAT OF PoROSI Y TO 
1934 in a report giving mechanical analyses. and 
hundred undisturbed samples ¢ of alluvial material from the South Coastal 
i 2 of Southern California. Data for eight typical samples from this 
report | have been plotted | in Fig. Samples G-151, G- 145, and 


aan No. 45, Div. of Wass Resources, State of California. South Coastal Basin © 
Capa ty of Valley-Fill” 


al 
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tain all sizes from large to fine s sand, with a preponderance of coarse 


sizes and d regular fine particles. The porosity of these three 
samples averages 15 per cent. Samples G- 112, G-110, and G-325 are come 
posed of fine and medium sand. These samples have porosities averaging 
sho with the intermediate ranges of sizes 


which are flat in coarse and ‘steep the fines, or are 

7 The ideal grading for maximum density has’ been thoroughly investigated — 

n the -well- known on aggregates ‘and concrete ‘by Sanford 

Thompson, M. Am. Soc. C. E,, and the late William B. Fuller, M. Am. Soc. 

OE, in 1903", ‘supplemented by those of A. ‘N. Talbot, Past- President ard 

Hon. M. Am. Soc. Cc. and Richart, Am. Soc. C. E., in 1919 


to 1923", These ‘experiments show that regular grading produced | greater 
3 than irregular grading, and that maximum density resulted from ee 


relatively coarse grading As a result of his experiments, Professor x Talbot 
a general grading equation which may be written, as pe tsa 


the proportion by weight given screen or sieve 
opening; d= size of opening; D = = _ maximum particle ‘size; and r= Lael 

exponent. These experiments were on on graded mixtures with 

a maximum sizes of aggregates and 1 values of n varying from 0.24 to 1. — 

_Tepresenting mixtures "varying from extremely fine gradings to extremely, 3 

‘coarse. _ Characteristics of for typical values of n, as shown by 


Ciera 


ition is a 


= 0.5, the curve p 
‘medium grading corresponding with the Fuller- Seinen. parabolic grading 
ag 

(provided sieve holes are of the same shape); it “produces maximum 


of for aggregates having a maximum size of approximately to in. 
n = 0.38, the curve is more n nearly an ellipse (natural seale) and 
-_Tepresents a fine grading with maximum density of mixture (porosity, 20 to 


2 22%) for aggregates having a maximum size ¢ of from 1 in. to 2 in. ; and, eases 
For n 0.25, the curve also resembles an ellipse and represents a avery 
grading with maximum density of mixture having a 
maximum size of from 4 to 6 hie an 


bot grading equation, “although developed for us 


aggregates, is applicable to earth mixtures and may be used as a criterion 


Transactions, Am. Soc. C. E., Vol. LIX (1907), p. 67. 
Bulletin No. 137, Eng. Experiment Station, Univ. of Tilinois, ‘October 1 
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ROLLED- FILL 1 EARTH DAMS 


for density in the dams. 


Example 1.—Grading curves with: in, ((256- -mm) maximum size of 
particle, when plotted in Fig. 1 correspond in ‘shape with 1 the mechanical 


analysis curve for Sample G-151, the curve for n n 0. 33 corresponding 


closely in position. ‘similar plotting wii with a 


shows that the grading curve for 7) = 0. 29 alo ‘corresponds generally in in 
sh 
= G-107. all have “high density 


4 ' Similar plotting against the mechanical analysis curves of five other 


all of which hb have lower densities, shows no similarity in shape or ; 
» other words, the Talbot grading “equation ‘automatically desig-— 


tes 2.—Based upon extensive experience, the United: States, Bureau 
Roads recommends the following size specification for “mixtures: 


sufficient stability for earth road surfacing’ 
85 to 100 1 to 


> 


Th es soil mortar in this material wating the No. 10 sieve has a ‘composition 
n i in Table ‘These limits have been plotted in Fig. 2, 


Less than 0.005 


curves wren. foe maximum particles sizes. Here, 


ache mixture found to be satisfactory for t the surfacing of earth i. 


Public” Roads, February, 1985, Pe 
Loo. cit., July 
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——SIZE SPECIFICATION OF MIXTURES Rec COMMENDED BY U. S. BUREAU OF russe 


Roaps For SurFactne EarTH Roabs. 

The 1e purpose of compaction of earth ‘material is to bring the soil particles © 

uniform close contact _ This has three effects: ‘First, it increases” the 
iaidiaieal bond by interlocking the individual grains; second (and, of pert ar 
nore importance), it decreases the thickness of connecting water films, thus A: Say 
ive force; and third, it . partly expels a air _ which, a 


reatly increasing their adhesive 

if retained , would ultimately be replaced by water , thus increasing the thick- “A 
ness of water films” and decreasing cohesion. The net effect of is 
to increase density and produce permanent cohesion. 


In open areas earth is compacted by spreading it in thi thin layers and 


ling it with trucks and heavy flat rollers, or kneading and rolling it with 


sheepsfoot rollers. In restricted spaces the material is made compact by 
4 


The fundemental principles of soil compaction and their application to 


rolled: fill earth dams in the selection of materials: and control 


ey struction have been thoroughly developed by R. R. Proctor, M. Am. Soc. — 
His work shows that in a given earth material and for particular 
a ethod of compaction, there i is a critical moisture content at which | maximum 
=. ensity is attained. — Higher water content results i in increased plasticity, “5 

= 
larger voids, | and less density, until a point is reached at which equipment a 


stability with little plasticity, but one ne having a void volume 


will not be supported. A lower content may produce a fill of greater apparent — o > 
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such a fill ‘After | a period of service the air wil. be 
sa displaced by} water and the material will become saturated. This \ will soften 


=> 


ter: 
the fill and may finally produce sloughing or Piping. ae 
For each type of construction ¢ equipment there is a 


Se hay which will produce the proper degree of lubrication : for maximum density 


a different type of equipment, however, there is a a lower 


critical moisture content at which La § still greater ‘density is attai 
a given degree of density both type and weight of construction and “water, > a 


‘Although ‘they were very Mr. Proctor’s tests did not 
the formulation of definite rules for the | selection. of material. He states 


that “soils that t are poorly graded and almost lacking in fine particles can- Be 


“not be | used” ; ; and that “those of high clay content” should not be selected = 


because of the > higher cost of handling. 3 is obvious, however, that a a 


material of v very fine texture such bentonite would be impractical 


nection with the selection of material for the Coyote Dam being built near 
‘San J ose, Calif., by the Santa Clara ‘Valley Water Conservation District. 


was subsequently elevated, and, finally, softened by 


depth of more ft. It was located 


were su 
with pre-treatment. Microscopic examination of particles after stirring, as 
held by Tyler standard sieves from No. 48 to No. (270, showed numerous 
unded aggregations of silt and clay representing particles | of original silt- 
_ These particles were and more or plastic, and 
easily under the thumb- nail. long- -continued further stirring 
these aggregates” finally broke down into particles c of silt and clay size, 
-was.also found that larger unbroken pieces of the original ‘material 
ater rapidly and softened so as to crush easily between the fingers. tists 4 
The question then ¢ arose as to whether this “material would | 
ompleted fill as a mixed sand, ‘silt, and clay, which was the constituency 
as indicated by field examination and standard 1 mechanical analysis, or 
whether it ‘would. act in accordance v with ultimate particle sizes as obtained 
prolonged stirring. The latter indicated a material | of finer texture than 
that of the borrow- -pit samples from. Alexander Dam, in Hawaii, and closely | 
_ The experience with ‘such fine 
meterial for. ‘rolled- fill construction beth in n the Islands: and elsewhere has 


een ~very _unsatisfactory™. This_ is 
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Silty clay 


Sandy 


Sandy 


Coarse sandy loam 


Coarse candy loam 
Sandy grav vel 


~~ 
Fine sand 


529 
specifications for rolled-fill 1 dar 
was determined, therefore, to make a series of ‘compaction 
a from very to very coarse texture, and to observe the 


TED Coyote Dam 


sellin 


Weathered 
‘stone 


Weathered 
sandstone 
Alluvial 


Disintegrat ed Santa 

Clara formation 
Weathered sand- 
stone 
Weathered Santa 
Clara formation 
Beach sand 


Sample pit 


‘Cliff House Beach, 
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IG. 3.—MECH NICAL ANALYSIS OF SAMPLES IN 
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Fe posed largely of siltstone, the suspension was shaken Ser. 17 hr on a revolving 


i wheel and correction was made after a microscopic examination and a count | 
undigested siltstone me particles the v various fractions. The 
sults of mechanical analyses 2 are shown graphically in Fig. 3 3. Rnd shies rue 


Compaction tests were made on all samples i in conformity 1 with the stand 
ard laboratory method developed by Mr. Proctor, the results being listed in : 


ble 3. The ‘samples have been arranged in this table in order of texture, 


AVERAGE Arr CONTENT, 
WATER Conrent| AR 


weight, content, resistance, | Percentage| water, (|Percentage| water, 

in pounds percentage z saan in pounds wn volume |percentage | by volume percentage — 
cubic | by weight | per square by weight| by weight 


4 


* 


103.0 | 


750 


beginning with the finest, and have been grouped into five classes according — 

to the U.S. Bureau of Soils Classification, namely, clay, silty clay, loam, — 

sandy gravel, and fine sand. Summarizing by group averages, as in Table 4, 

it clearly appears that the q quantity of. entrapped air at maximum compac- a 

tion is by far the least i in the loam | group, and greatest in the clay and sand | 


TOU with silty “clay and sandy gravel occupying an intermediate | position 


re oy This conclusion is further illustrated in Fig. - 4, upon | which all compaction © 
_ test curves, after adjustment - to one true specific gravity at 2.80, are assembled 


s. The horizontal distance between any point 
on a compaction curve and the ih of zero air voids represents air voids as 
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(b) AGE IN- 


or ToTaL Vorps AT bp on IN WATER — 


Compaction Occurrep BY AIR TENT AT MAXIMUM 
ComPACTION IF AIR IS 


as 

Limits in| Water of total. 
proportion |content, in content, in| “voids equivalent | content if 
of clay, | percentage 1 percentage]. presented water as | saturated; 
percentage by weight by volame P percentage] percentage 


Air Increase 
content; in water 


30 to 100 Rit 
Clay loam 31.5. 
12. 


Sandy gravel........ 
F ine sand 


"equivalent water content, in percentages of dry elias Bach texture gr group a 


has a distinctive type of | compaction eurve and occupies a distinctive area 
upon the ‘thos differing phy ical properties. ‘Compaction 


| 

— ilty Cl are ; 


Motsture Content, in Percentage of Dry 


irves ‘for a: silty clay, wait: ee groups, are farthest from the line of zero ro 
air voids: and lowest in at maximum compaction ; and they ave 


very flat Laat The loam group is the | closest to o the line of ZeTO air r voids, 


gravel curve, e, although having a a sharp peak, and dry weight ‘similar to those is 
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for loam, is of zero The superiority of 
loam from the standpoint of dry weight and minimum air voids is apparent. 
Expressing this superiority in ‘terms of mechanical analysis, , the data in 


than 3 to 15%, limits depending on the to the 
regard to the disintegrated ‘siltstone (Sample L15- CG), it ——€ 
f ‘that the ai air content: at maximum compaction expressed as equivalent water 
three times that of the next ‘nearest available material represented by 
Sample (Fig. 4) and that it lay in the clay group in Fig. 3. 
the large percentage of air voids, even under ideal conditions of handling 
‘in the laboratory, and the probability of non-uniform compaction in the fll 
due t to difficulty in handling, e siltstone was discarded for use in in the main — 
structure of the dam. 
i The water-tightness of an earth dam is determined | by ‘the e degree of 


_ impermeability of the ‘material as compacted i in the fill. This impermeability, 
in turn, depends upon the gradient, or relation of head to length 
of soil column traversed by the water, the temperature of the water, and the 
character of the material. Since the variation in ‘range of maximum | gradient 
and temperature for earth | dams is relatively narrow, the most important 
variable is ‘the material. This affects” impermeability oth from the stand-— 


“point of the frictional resistance offered to the of water, and 


Frictional resistance is a function of the of the walls of voids, 

Molecular attraction is also a fune- 

tion: of size of void s spaces, although. it at not become important as a factor — 

_ influencing impermeability | until void spaces are small enough for an appreci- 

able volume of the water occupying them to | be within its effective range. * 

‘When the latter occurs, the portion of the water affected ceases to act under © 
the influence of gravity and becomes stiff and immobile ‘thus ‘reducing the 

‘effective flow | area. void spaces are small enough to be spanned 

pletely by molecular forces, all water acts as a semi- “solid practically 

2 det In practice it is not always possible to construct a fill that is | absolutely 
impervious, and nominal leakage through an earth dam is common. “For 
earth- dam construction a material in place, in the ‘fill having 

practically water- tight. “The is herein as the 
ig quantity | of water, in gallons per day, flowing through a section of oma 
fa perpendicular to the direction of flow and 1 sq ft in area under a hydraulic 

gradient of 100% and temperature of 60° ¥F A permeability coefficient of 0. cs 

as thus” defined i is equivalent to a percolation rate, as defined by Proctor, <a 
4.86 ft per yr. i For an earth dam of uniform construction 200 ft in ‘height, 

it} r op’ width of 20 ft, and 
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yer day represents a leakage, when full, of approximately 2600 gal per day, — 


7 


or 0.004 cu ft per sec. Under certain conditions permeability coefficients — 
"exceeding 1.0 gal per sq ft per day might be allowable. 


_ _The recent standardizing of methods for measuring and 


ability make possible a correlation of mechanical analysis and permeability 
_ coefficients. Based upon the study of numerous permeability tests made by — 


expressing perme- 


‘the Pacifie Hydrologic Laboratory, and Hydrologic Laboratory, Water _ 


Resources Branch, United States Geological Survey, the statement can be 


, Clay 
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coefficient, in 
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per 24 hours 


gradient) 
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_ San 


~~ 0.10 0.2 
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Be 
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Percentage Retained 
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(percentage 


"0.034 


t three samples were 


re: 


1.0 2 3 
Sieve Openings in Millimetes 


of voids) | 


Permeability 
coefficient, in 
gallons per 
square foot 
per 24 hours 
(100% 
gradient) 


eat 


819 
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im 
10-ft freeboard (assu m toe), a permeability coeffi — 
‘at the down-stream to — 
ground a 
— 
— 
f fineness ‘sufficient to 
ial having a degree of fi ing at least 25% — 
“include at hly compacted, sontain less than 25% 


than 3% clay, th 
permeability data for variety of samples as presented in 
Samples D15-S10 and [15-86 closely approximate regular the 
mechanical analysis curves being roughly parallel to the regular grading curve 
for 1 n =0. 33 (seo Fig. 5). Sample 12-2, which conforms n more nearly to 
_ straight line, also has a rough grading, although not to the same degree as” 
other two. Sample S10, which approaches nearest to ‘the ideal curve. 
x contains only 6.5% of silt and clay and approximately 3% of. clay. . Its perme- 
ability coefficient is 0.01. Sample which is | less well-graded, has 2 


= ‘coefficient nt of 0. 034, and a clay content of 2, 
which is poorly graded and has only 9% of clay, ha sa suinesteleilny coefficient 


= 2 


ee 


cee All other sa samples listed in Table 5 5 are ungraded. : Samples 3 and 1, with 
57% and 29% of clay, are impermeable; but Sample 9, with 17.3% of clay 


er 1% of silt, has a coeflicient of 1.6; and Sample 10, , with 23% of 
clay and 21% of silt, has a coefficient of 2.98. Other : samples with less than 
of clay have larger larger coefficients as the size of the 


Sample 41, with no clay and 54.7 % of gravel, has a 


{ 


| 


ee These data illustrate in | a striking manner the importance of ila, 


confirm the statement that 8% of in 1 graded, 25% of clay in 
‘material is sufficient to o render it impervious. 


In ‘passing, it should be noted in Fig. 5 mechanical analysis: 


curves for graded materials are concave upward, steep large sizes, and 


| 


"upward, flat in large ‘sizes, very steep in sizes, Vand either 
or flattening out in very fine sizes. . These characteristics. are ‘useful when 


interpreting mec mechanical analyses with reference to permeability. Dy 


Ge ~ form texture and high density by the use of mechanical equipment. In order 


to fulfill this requirement the material must compact easily, and not be pois 


harsh as to cause the “equipment to wear out rapidly, ‘not so sticky 
to delay the spreading and rolling operations. ‘These qualities are controlled 
Materials ‘that compact | easily are of graded gravel 
wa sand with a silt and clay percentage of from 10 to 25 to supply lubrica- © 


mn. The of proper moisture percentage for maximum density 


Harshness is is produced by coarseness of grading or without 
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maximum allowable size of stone varies the thickness the Tayers 


pee, 
D-FILL EARTH DAMS 


‘the type of rolling equipment, whether flat or sheepsfoot. With th 6-in. 
layers, ‘cobbles should not exceed 5 in. in diameter. The allowable, 


mess” is also related to the type of. equipment. a ‘general practice, values 
n in Equation qa) ‘should 1 not exceed 


eae 


Stickiness i is produced by high « th clay ec content. The allowable can 
aa varied, depending upon the type pe of equipment and time at which moisture | 
applied. In general, clayey material with a moisture percentage giving 


maximum density in in compaction is not sticky i in 1 handling, provided — the 
moisture is uniformly distributed through the mass. . Clayey material is very 


to absorb water, however, and if worked immediately after 
may be very sticky, even if the proper quantity - of moisture has been added. 


2 - This is due to the fact that the moisture content of the exposed surface with 


which equipment comes in contact is temporarily: far than the 


tion distribution of ne ‘difficulty - may be experienced. 


There are other methods of overcoming stickiness which not 


immediately in sf material for the new layer has proved 


successful. The expose surface of the new material remains comparatively 


dry during th the process of “spreading and i initial ‘rolling, attaining an ultimate 


moisture content not in “excess of the critical moisture after the water has 


_ Another method is to 
‘ ‘sprinkle 1 the material in 1 the bank before excavation if natural moisture is 
© 


| below the critical. In some instances, rainfall will moisten the soil 
in the bank or -borrow-pit to a sufficient to bring the moisture content 
up to the 


involve delay. The sprinkling of the rolled surface (of the previous | layer” 


“appear | in alluvial either as nodules ules occupying 
voids, or as particles of the original material. Although these substances 
are not as readily solu ible as. rock salt or alkali incrustations, percolating | 
water will dissolve and remove e appreciable quantities in time, , rendering ead 

fill more porous and threatening its stability and water- tightness. ek a 

of soluble usually be by simple 


final importance, Handling» ine neludes the operations of excavation, 


transportation, spreading, and rolling. "Important factors affecting the cost 
taken a given bank | or borrow- “pit are the distance and 
ve elevation from the dam, the quantity of satisfactory | material avail- oe 
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able with reference to the io volume of the dam, and the clay content of the 


material. The r elation of these factors” to cost is well understood and needs | 
Of the five requirements for judging the material for rolled- 


‘grading is entively a matter 


me 
the of limits ‘hee! the clay and silt fractions, 
ability also involves limits, both for fine and coarse fractions. This | suggests 


possibility for using mechanical analysis as a for the 


Examination of mechanical analysis curves ‘foe a variety of 
o such as those shown in ‘Figs. 1 and 5, discloses great divergence in slopes, 
curvature, and terminal points. between fixed terminal points: an almost. 

infinite number of curves are” possible. Such curves represent material 
varying from well -graded to ‘uniform size of particle, from dense to very” 
porous, , and from impermeable to highly permeable. As these extremes result 
not only from variation in particle size, but also. from variation in grading, 

a ee: «Gt is is apparent that if ; any method of selection based « on mechanical analysis is 


. = be successful, it must include limits of size as well as of departure from 


@ regular grading. if specified from the graphical standpoint, ‘this means that 
in referring to the mechanical analysis diagrams, limits in shape and slope 
ua of curvature must be considered as well as limits in area, , To establish such 4 

re limits, it is ‘proposed, , first, to set up limits of particle size for coarse and for — 

faa —_ materials; and, second, to prescribe curvature limits based upon both x 

degree and fineness of grading. ~The establishment of a ‘size limit for « on 
materials 1 has already been attempted” by E. | ‘W. Lane, M. Am, Soe. 

3 but, to date, no attempt has been made to establish limits for : size of fine | 


of a mechanical analysis curve > indicate size limits; ‘second, that the 
= of a mechanical analysis curve indicates the fineness of grading as 
‘mumerically represented by the value of in Equation (1) ; and, third, that 

the ‘shape of a mechanical analysis c curve indicates the degree of grading, = 
any, as numerically _Tepresented by departure 1 Equation (1). ie ‘thus 


ppears that two sets of limiting curves are desirable, one applying to 
graded materials. ‘the other to Figs. materials. Between 
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—PROPOSED L IMITS IN MECHANICAL ANALY SIS FOR GRADED 
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‘Fic. 7.—PROPOSED LIMITS FOR UNGRADED MATERIALS SUITABLE FOR 


TABLE 6.—Prorosep ‘Lanrs FOR Grave Ux 


TERMINAL Pornts ror | 
values ofn Ungraded materials; Remarke 
Maximum | Minimum | Equation | 


J 
in millimeters} of clay t | 


hd 


128* 3 to Straight lines from terminal to 
to0.6t 5 | appro less mm. 
to pproximately parallel to the fine limit i 
the upper arm of the coarse limit, 
: he not crossing the | lower arm of the hes 
coarse 


— 
~ 
| 
t No. 28 mesh. Particle size, 0.005 mm. 


woter tightness, and workability. They are believed to incorporate standard 
practice as modified by recent laboratory } research in earth testing. Compari- 
Ke Son with Professor Lane’s “approximate upper limit of material suitable for 
impervious ‘sections of rolled- fill dams” shows that it coincides with the upper 
arm of the proposed limiting curve for coarse ungraded ‘material, but not 
with the lower arm. The ‘mechanical analysis curves of material from exist- 
ing dams used by Professor Lane as a guide terminate at 0.07 mm in the oN 
sand fraction, with from n 6% to 10% passing. It is possible that these curves, 
oP extended, would show : a clay fraction of 3%, or more. If so, and this frac- 
3 tion were considered, the lower portion of Professor Lane’s approximate upper 
limit might have corresponded with tl that herein Proposed. 
It is also to be noted in connection with the approximate upper Timit 
3 proposed by Professor Lane, that it does not apply to graded materials. 


Mechanical analysis curves of the latter , satisfactory for the construction 


oS of rolled- fill dams, may lie beyond this limit in the sand, gravel, and pebble 7 , 
fractions, ons, provided such material contains at least 3% of clay. i ro? CC 7a 
In applying” the proposed | limits to determine the suitability. of a 
it. is not sufficient that the mechanical analysis curve should lie between 
respective coarse and fine limiting “curves; it must also have a shape 
5 _ corresponding to, or approaching, that of the limiting curves. If it does a 
‘a os not have sufficient upward concavity to fit or approach the « curvature of limit- - ad 
ing -eurves for graded material, it may then be “compared with the limiting 
 eurves for ungraded material. if it) has too “much downward concavity to 
follow or approach these curves, as in the case of Samples L15-S9 and [1-1 


oe Fig. 3, the material ‘may not be ‘suitable for use in the i impervious part of | 
Aaa rolled-fill dam. — The deciding factor is, therefore, the clay content, which | 
ay should slightly exceed that at required to fill the voids | in the granular part 


of ‘the material, allowing co compaction too occur _without completely closing 


gaps between individual grains. As an illustration, Sample -89, 


a composed of of graded sand a1 and silt with 17 % of clay, is s entirely ‘satisfactory, — fe 
whereas Sample consisting of fine sand no clay or or silt, is 


The election of material from analy 


ne 


_ These criteria for selection of earth material for r rolled- fill 1 dam construc: 
tion are presented in the hope that they will bring forth’ "discussion and 


additional data, from which may be evolved a for preliminary 
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INTERACTION BETWEEN RIB AND SUPERSTRUC- 


phases of the interaction the 1 rib and spandre 


conerete arch bridges are discussed herein. with a view toward relating the 


action of the structure to 0 the system n of classification of indeterminate struc- he 


ane Certain limiting cases of the arch with h integral superstructure are normal 
and can be designed directly fi from the. results of a pr eliminary analy 


q 
tures in which ‘either the rib or the deck deck girder ral 


ture develop all the the flexura 
‘Tesistance are A third d type o of structure having normal characteristics 


“for mo most cases of of loading i is similar t to a | Vierendeel truss, with rigid columns 4 


a stiffness. ya} 
nd with floor and rib of approximately equal 


Other hybrid ‘and cann ot be designed for given working 


ever, where the columns are flexible the action of the s structure cat 


* termined and the stresses can be predicted and controlled within reason 


In case se of the hybrid structure, degree « of economy y and 
can generally be obtained by y designing the rib to carry all the load, and by ; 

D glecting the effect of interaction on the deck, as can be ‘obtained by taking ae 
account of interaction the procedure of repeated analysis and 


‘ges usual treatment of an open-spandrel as a ‘rib without 


“restraint due to the superstructure is clearly incomplete. Jnteraction between 


—Discussion on this paper will be closed in December, Proceedings. hers 
? Research Associate in Civ. Eng., Univ. of Illinois, Urbana, Ill. 


“The Relation of, Analysis to Structural Design,” ee Am, 


by the tre aditional ‘procedure. of repeated analysis and design. How- 
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and spandrel structure is as as the parts of structure 
remain continuous ; but the fact arch | bridges designed by a 


“neglecting deck participation have apparently given 1 good 


seems to indicate that interaction is | relatively unimportant, How ever 

arehes so designed have been primarily “dead -load” structures, ‘carrying rela- 
“Sealy. light loads and resisting live load flexural stresses “effectively by 
irtue of the heavy dead load compression in the rib. In such an arch, when 


ey of ‘the proper shape, the greater part of the @ stress is as definitely deter- 


a 4 eye minate as for a statically determinate structure. _ It seems scarcely | necessary iain 
ae a to add that this type o of arch bridge i is ; entirely different i in essential ‘structural i 
heavy live loads, particularly when the size of ‘ther rib is by shifting 
material from the rib to the posts and floor. 
The Final Report of the Special Committee of the on and 


eee Reinforced Concrete Arches* has called attention to some phases of the sig- 
nificance of | interaction. For example, in Section L Article 38, Conclusion 7 


(b) suggests that live load stresses be determined considering the structure 
= as a whole and not the rib alone, “because of the effect of the deck participa-—  d 
eae tion upon the stresses in the deck and columns rather than because of its s effect -. 
upon the stresses in the rib”; and, again, Conclusion 9 points out that, 
deck without intermediate expansion points, constructed so as act 
 —- the rib in carrying loads, reduces the magnitude of the live load moment att 


at the springing where the ‘deck does - not increase the strength of ‘the struc: 
ture; and it increases the moment over the central portion of the span 


_ where the strengthening effect of the deck is greatest.” 4 ae ‘And Tea 


seem eem to be ‘two not very clearly defined sometimes conflicting 
2 points of view in the Committee’ 8 report and elsewhere i in the technical litera- d 
a ture on the subject of interaction: (1) That interaction i is a source of danger 


ee and should be avoided if possible by means of joints and hinges | or by other J 


. 


ee means of articulation; and (2) that interaction presents an opportunity to 
‘effect “marked e economies | in design” by taking advantage of its | 


vr 
aspects. Pisce latter point of view is best shown by Teview of a paper’ 
i which ‘states, “French: engineers have shown Americans that remarkably light © 


efficient concrete bridges can be designed by considering the -spandrel 
omens and floors as integral with the ribs. 


Previous I nvestigations. —Any of a number of analytical methods may be ; 


ahae: for the determination of stresses in an arch with superstructure. Most 
of them were developed primarily for trusses “without disgonals and for 


building frames. In general, they will be found to consist of variations in 
of two fundamental procedures: pass ; 


A 
points i ‘in n the structure to make it determinate and then 
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similar to Ostenfeld’s deformation 
in which various ‘independent sets of joint displacements are 
duced and the forces involved are determined. These independent configura- ve 


tions are then combined such proportions as to give the forces acting» on 


wd Several approximate analytical methods* have been suggested but are mot 

generally available. Various simplifying assumptions permit a fairly rapid 

solution of the: problem. T Che writer has made studies of different types: 
arch, bridges using methods of analysis * that has in order to test 


In 


PO: 
Exact, methods of require as great an 
y for the completion of an. accurate — 


yses by def 


Analyses by means of models deformeter gas gage 

“George E. . Beggs’, M. Am. Soe. C. E., and by models: using the polarized light | 
method have been ‘made. ‘Deformeter model analyses are reported in articles 
describing the arch v riaduct, at Ashtabula, Ohio,” the George Westinghouse 


Bridge’ in Pittsburgh, Pa., and the Raritan River. Bridge, in New Bruns- 


_ wick, N. ™. In these cases it should be noted that revision in design was td 


always made from the results of the analyses. ax th 
oe model analysis was used to check a simplified theoretical enelgsia of the | 
 Grandfey Vinduet*, in Switzerland. It is not clear from the article whether 


any advantage was taken of interaction in the design of the rib. 
it would appear I not. It may be noted that™ stresses are e conceded 


T 1e experimental method | may be summarized b briefly as the 


form, 1926, _p. 167; see, also, “The” of Stresses in 
Open-Spandrel Arches of Reinforced Concrete, 4s by M. F. Lindeman, Thesis submitted in 
peta fulfillment of the requirements for ‘the degree of “Master of ‘Science 

7“Interaction Between Rib and Superstructure in Concrete Arch Bridges”, 
Newmark, Jun. Am. Soc. C. E., Thesis submitted in partial fulfillment of the wh BB : 
for the degree of Doctor of Philosophy, — Univ. of Illinois, 1934 (prepared ‘Under = 


; also, 
Am. Soc. C. 


2° “Features of an Open-Spandrel Arch Viaduct,” J. R. Burkey, En ineering News- 
Record, Vol. 101, No. 25 (December 20, 1928), p. 919. 
Concrete Arch of 460-ft. Span,” by G. “Richardson M. Am. Soc. 

|, News-Record, Vol. 106, No. 17 (April 23, 1981), p. 680. ” 

- 12 “Two High Traveling Towers with Chutes Place Concrete on New Brunswick Multip] 


- Arch Bridge,” by Morris Goodkind, M. Am. Soc. C. E., Sysore Newe-Reco d, Vol. 104, 
8 (February 20, 1930), p. 317.0022 


% “Construction of the. Grand! , Viaduet,” Biihler, Proc di 
Concrete Inst., Vol. 23 (1927), p. 489. 
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concrete models. ‘Te is s important | that in these 
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Object of Present Study. —This paper relates certain phases of the bel behavion 4 
arches w with integral spandrel structure to the general philosophy of design 
presented. recently by Hardy Cross’. is not concerned with methods of 
4 ~ analyzing stresses, nor with the details of design; it develops: what is believed 
ae to be a rational | point nt of 1 view v of the postion, a at presents material leading to 


The variables involved in this problem are The mere -compila- 


ae = tion of data, whether from experience, experiment, or analysis, does not always: 
assist in clarifying : a problem in which the variables are ‘numerous and 


— difficult to separate; but with the classification of indeterminate structures: 
developed by Professor Cross, one has available the basis 1 for classifying and 


= interpreting data bearing on the subject, or on on related problems c¢ concerning : 
other types of structures, La 


| 
It i is necessary to supplement experimental and a analytical | data with infor- 


a 


stress in the floors, columns, or of arches that have been 
_ Where have cracks occurred, and in what type of structure? That is, what = 3 

are the relative stiffnesses of floor, columns, and rib, and where are the expan- “ 
sion joints (if any) located? The writer hopes that those who have infor- 


mation along these lines. will contribute to the discussion. — He would ask a 


further « question: Has an arch bridge actually | been designed and constructed 
taking ix interaction into account, and what changes in floor, or 
thereby made possible, or became necessary? 
Classification of Indeterminate Structures. —In revising of a 
is 
— in ¢ an indeterminate structure from the results « of an analysis, it is. loo 
to know how the stress in the be affected Fevision 
bri 
A 
mu 
eco 
ction in ‘terme of ‘the response of the “design*”. 
int 
“Loading Tests on a Reinforced Concrete Arch,” A. and Ww. Hunter, 
Public Roads, Vol. 9, No. 10, December, 1928, p. 185. = — 


_ Tests of Reinforced Concrete with Decks”, by’ W. M. Wilson. ad; 
ad Bulletin 226, Eng. Experiment Station, Univ. of Illinois, 1931; “Laboratory Tests of =a 
 Multiple- Span Reinforced Concrete Arch Bridges, by W. M. Wilson, Transactions, Am. 
_ -* Soe, C. E., Vol. 100 (1935), p. 424; and “Laboratory Tests of Three-Span Reinforced Con- = 

 erete Arch Bridges with Decks on Slender Piers’, by W. M. Wilson and R. W. Kluge. 
ae Jun, Am Soc. C. E., Bulletin 270, Eng. Experiment Station, Univ. of Ilinois, 1935. _ 
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resulting either from 2 external © 


fixed loads or from fixed on the structure: 
Participation defines the action in which non-load-carrying or nui 
sance stresses are “developed in a member due to very nearly fixed strain 


from the deformation of the load- “carry ing members; 


pe and moments “acting on a member, and is developed vy pe 


acting on the member are practically independent of the size of ‘the members _ 


(3) action: is defined as a 


follows | that, in redesigning member found by analysis. to be over- 


easily reduced by decreasing the depth of of the member. Normal stress can 


reduced by” increasing the size of. ‘the m member, but hybrid stress. may be 


decreased, or unchanged Ww hen the size of the member 


A increased. ‘Where maximum stress arises from a combination of 
p np it is ‘necessary to keep j in mind the relative importance of the different 


_ factors contributing to the stress in a member in arriving ata design, 


ad- Carrying « and Nuisance Stress. —In | considering the ‘Significance 0 f 


 over- stress, it is convenient to make a distinction between ‘stresses 
1 he load” and dary « sulting from the 
upon to ‘ “carry the load” and secondary or nuisance stresses re resu ting rom the 


of the structure but having no useful function Over- “stress in 


mal action is serious. — Over- stress d due to ) participation is ; dangerous only to the 


extent that the ability” of the member to perform function is 
impaired. Over- -stress in la action may or may not be serious depending on 


“whether the structure may ‘ “carry the load” ‘safely in another way when the © 


over- r-stress becomes large. In this the significance of dance 
“factors in the properties o of the material becomes important. 


The fact ‘that the superstructure of an arch bridge is slightly en 


not always serious if the superstructure is not depended | upon to reduce the — 


"stress n the rib. it. is possible to reduce the size of the rib of an arch 
bridge because of interaction, but if at the same time the superstructure 


~ must be s strengthened and if the resulting structure is ‘neither appreciably ‘more 
"economical nor certainly more safe than the structure as rei ned 1 neglecting ‘. 
Interaction, then the process is futil 


-Puases oF NTERACTION BETWEEN Rip AND SPANDREL Structure 
Results of Analyses; 


cult to. draw empirical concerning interaction from the r ‘results me 


_ September, 1936 OPEN-SPANDREL CONORETE | .—l 
; A 
) 
ide of the 
ae — 
— 
es 
ad 
— 
= 
| — 
ca | 
— 
ted — 
— 
‘ 
gion 
— 
unter, 
ts of 
Am. 
Rluze. 
— 
— 
: 


J ee of ‘the series of arches ar analyzed ¢ consisted of a set of five- -panel ‘struc 
Al 

tures having different decks, all with practically the same rib. Sketches. of 


the structures are shown in Fig. 1 The rib is parabolic. in with the 


| 
a “moment: of inertia varying - directly as the secant of ‘the angle of inclina- 
with the horizontal. ‘Several different values of moment of inertia 


tures “are symmetrical © about “the 


center line. The dimensions denote 
Persbotic Rib, relative ‘distances: and ‘the relative 


Icos @= Constant’ moment of inertia As ‘given’ 
The s structure with a high deck is 


RIB WITH HIGH DECK cam 


Fig. and the > structure con- 
Bs sisting of a flexible polygonal rib 


with a stiffening girder i is shown in 
RIB WITH LOW DECK AND 1(c). Except for the. saddle, 
a that in Fig. 1(a). 
_B Consider the particular structure 
shown in Fig. 2(a) loaded with a 
force, | and having reactions, R. 
Let H denote the horizontal com- 


of the reactions, and let V 
At 


or ARCH deck, as the sum of the 


horizontal components ot forces 
2440" 


ave 1H = Hinrib + H in 


sum of the v vertical | components of the forces in rib and 


total | forces | given « on the diagram, part v and resisted in the | 
floor is 3 shown by the stippled areas, and the remaining areas denote the part 


of | sd and H resisted i in the e rib. The change in the part of H resisted it in the 


floor column points Teprosenta the shear i in ‘the column. « 


— 
— 
4042 
— bese analvces, However, some of the data obtained are of interest in snow. 
these analvses, However, so 
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total moment, M, about: the centroid of the rib é the ‘section -con- 


he 


Mot ta 2: = M in rib + M- in floor + 


x (distance and 1 rb). 
ea atphed -dash line) ana he a sedi of the rib, since the value of ‘A is constant 4 
‘for the entire length of the ‘structure. To this same ‘scale, the shaded areas: 
plotted on the rib, columns, and floor as bases, ‘represent the: diagrams « 
_ moment for these members, plotted on their compression n side. The moment 
Ps the floor is ‘replotted on the pressure line as a base » and is: shown by 


cross-hatched areas i in the diagram. The » remaining ar area of total 


Fig. 2 is: then the moment about the centroid of the due 
to horizontal thrust in the floor. — i The three parts of the total moment — 


- show, then, the Telative values of the three sources of resisting moment. et 
‘The moment diagrams ‘for the ‘arch with high deck of Fig 
unit load at Point C is shown in » Fig. 2 for relative ‘moments of inertia of rib 
oe at ‘crown, floor, and columns of 4, 4, and 1 (Fig ig. . 2(a)), 4, 4 4, and infinite 4 


(Fig. 2(b)), 4, 4, and zero (Fig. - 2(c)), and 4, zero and infinite (Fig. 2(d)), 


‘a respectively. i F wil the structures with edumans of infinite stiffness, the end 


have relative moments of inertia” of 1 compared to the rib. Th The 
. _ moment diagram for the arch with a low deck of Fig. 1(b) for a unit load at 
Point C is shown in Fig. 3 for relative moments of inertia of rib (except for 
eS the e infinitely st stiff saddle at the crown) » floor, a nd — of 4, 4, eal 1, 


wel 


Saddle 


RELATIVE: MOMENTS OF RIB AS IN FIG 


=e 


structure, ‘the p points 0 on the diagrams through which ‘the pressure Tine 
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a2 indicated by y the small circles at the ‘springing and at the load point. ‘The 


value of H for the bare rib is indicated on the diagrams, fis 


en net Typical Influence Lines.—Typical influence lines for moment and flexural | 
stress in rib and superstructure are are shown in Fig. 4. They were perry 


x 


Compression 
Flexural Stress at Extrados, 


per sq in 


— 


Deck fame Fined at Bases nr 


2. 


n 


4.5 


Stress at Righ 
“ie of Column, Ib per sq in. 


Compression 


os 
a~ 
=2 


ension 


TAL Deck Frame Fixed at Column Bases 
| 


(d) MOMENT IN GIRDER TO LEFT OF LOAD POINT 4 ca ‘y 


Flexural Stress at Bottom — 


/ for the single-span structure having a high deck without expansion joints 


tested by Professor Wilson, a a drawing of which : is shown in the Final Report 
of te Special Committee on Concrete and Reinforced Concrete Arches.” 


broken lines i in Fig. Fig. 4(c), and Fig. 4(d) ‘show ‘the 


“primary stress” in the superstructure, defined as the stress with y 
he deck and columns considered acting as a continuous frame fixed at the — 
column bases. The differences | between the full and broken lines in these 
diagrams indicate the relative effect of interaction on the moments. is 
_ noted that the interaction effect in the floor at the end of a panel is - grea 
| at the sign of the moment ‘for live loading is changed from that corre: 


Transactions, Am. Soc. C. B., Vol 100 (1985), p. 1486 Fig. 41(6), 0 


oT 
wii 
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§ 
ite 
(c) MOMENT IN GIRDER AT CENTER OF FOURTH PANEL | 0.05 
se 
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‘The scales for flexural and direc stress shown in the diagrams are com-— 


on the basis of an -uneracked concrete section, , neg glecting the steel 

reinforcement. The obtained show the relative effects of moment in 

the various members ¢ considered. It appears: that for single concentrated 
on the structure for which the influence lines are shown in Fig. 4, the 
maximum live load flexural ‘stress 8 at the the base of Column 3 is s approximately, 
cob 1.4 times the live load flexural stress in the rib at the same load point, when 
the concrete | is assumed to be > capable | of taking tension. . A comparison may 


also 10 be made of t tthe flexural stress at : the base of ‘Column 3 with the maximum 


trated load. One finds the relative values of these to be 0. 67 in ‘the 


“Stresses Due to External Imposed Deformations. —The effects of 


2 “ture change, ‘spread of abutments, or rotation of abutments, a are qualitatively 
similar, As a an indication c of the effect of such ix influences on the moments in a 


the structure, comparisons have been made for structures of the type shown | 


TABLE 1.—Mowenrs Due To a Unit CHANGE IN Sp AN For Rip ‘Various: 


of moments corresponds to_ a shortening o f ‘Span; positive moment 


otter Er compression oe of rib and girder, and compression on > 


= ‘Height to neutral point. 


0.3804 | 
—0.0532 
—0.0532, 
—0 
—0.0983 
1242 


—0.4026 : —0.0822} —0.1351 
| —0.0822} —0.1351 
—0. 0822) —0.1351 


—0.0279| rit 
—0.6054] 
—0.4002 
—0.0216) 355 
0.9836] 0.0759] 0. ‘9583 
0. 0.0842) 0.5550 


— 
— 
| | 
— 
— 
4 
| 
— 
— 
— 
— 
— 
— 
— 
— 
— pe I 
| 
of Inertia: | 
& 2.914] 1.826] 2.278] O | 2.814 4 
— 0.3662] 0.2461] 0.0183) 
Column Moments: | | | 
a = * Infinitely stiff saddle at crown; otherwise, rib same as 
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in are shown in Table 1 for springing reactions and in 
. all members due to a unit change in span for an arch rib with various types 
. $e deck. ‘The effect on the rib of interaction with the deck is to increase se the 


Consider the deformations of an structure with deck due to a given 


hangs in ‘span. if the columns have little stiffness and the floor, at all 
sections, the same -Telative stiffness to that of the rib, the change in 


‘the rib will not be by the Consequently, 


any y section as the of the floor is to the of ‘tis rib at that 
section, since the deflections (and, ‘consequently, angle changes), of the rib 


and floor are the same. Note that direct temperature stress 


higher i in the composite structure e than in the free rib, but the direct stresses — 


If the floor has, s say, a constant moment of imertia. and that of the 


< varies, and the columns still have very little stiffness, ‘the change i in | shape of 


Hence, will be a greater « distortion i in the and near the springing 
with a relatively higher temperature stress i in n the composite structure at those 


Consider now the effect of the columns. Since, in general, the columns 


stiffen the structure and th the given displacement take place, there will 
be correspondingly greater | distortions in the with stiffer columns ; and, ; 


hence, there will be greater deformation | stress” in rib and floor: with stiffer 


columns. The columns also will have high moments due to deformations. ee: 
The increase in relative stiffness of the crown of the composite structure 
r the crown of the free rib causes a reduction. in maximum live load 


flexural strain at ‘the: “springing. The fact that oe 


not exist without the other i is ‘worth 80 some emphasis. 


joints and. in the deck of se 


not always successful, sometimes merely localizing the » effect, particularly i in 
: the case of expansion joints « at the ends of a saddle in a low deck bridge. 


it must be noted that for structures which interaction is depended — 


upon to reduce stresses in the rib the stresses in the deck due to deformations — 
nd temperature changes | are important in so far as they tend to cause crack re 


ing: cracking of the superstructure reduces ite 


| 
— 
j 
| 
| 
— 
1 _ game as in the bare rib. However, there will be temperature flexural _ a - 
— 
es will be 
aii 
— 
| — 
_ change in shape of a free rib since the composite structure is relatively — a — 
‘ 
1388 — 
— 
3894 
0532 — 
os 
124% udgment. 
— _ They are almost certainly not as serious in concrete as stresses due to loads. 
).0274 
) 1351 
— 
0 — 
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of Results” of Analyees study of a number of “influence 


lines and moment diagrams seems to indicate the following conclusions: 
@ ‘The maximum live load moment at the springing line and at inter-_ 
= mediate ‘column points on the rib of the ‘integral structure ‘is considerably 
by the interaction with the deck. For intermediate column points 


the reduction may be of the order of 50% when the moment of inertia of the 


Or is equal to that of - the rib. The moment between column points in 

is reduced considerably more than the moment at the column points — 


Ps (2) The interaction betwen rib and deck for live load adds to the primary 


arr 
a: — ‘moment in th the floor at the center of - the panel, computed as for a frame fixed 


ow the column bases. At the , ends of the panels, the interaction moment in 


the floor is opposite i in ‘sign to, and ‘may be much greater than, the primary 

The ‘interaction load moments in the columns are considerably 

greater than, the primary | live load moments, even for slender columns. 71 The 


interaction column by ‘making ‘the columns 


ea Where the columns are quite stiff and the rib and floor have approxi- 


mately equal” moments of inertia, points of inflection or points of zero 
are close to the center of all conditions of loading. 


4 


a Fitch B Beam—It “the 


of are quite flexible and closely spaced, it 
is. evident that the: ‘deflections, slopes, and angular changes along the arch: 


— 


Wag 


Se, 


=» ewe 


— 


a. rib must be equal to those along the floor (excert for the change in length: | 


ies ons ‘o the columns, which effect will be neglected, but « can be taken into account 


Then all direct stresses rp to thrust will be by the 


In other words, the ‘structure can be designed as if it were composed of 
two members placed side by side as in a flitch- beam. : ‘This concept dates back 

at least to Rankine” ” and has been used apparently by Considére” Professor 


oss” discussed several aspeets of this treatment in connection 

An analysis. for t e purpose of design may a developed _ along the lines 


a of Professor Cross’ treatment as follows: ‘The deck ‘girder 1 will have primary 


See “Civil Engineering,’ Seventh Bdition, (1871, PP. other editions at 


bs 


‘d 


et. 
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— due to its action as ¢ a a continuous beam. These ions are > due to the ae 


all the thrust of dead load. Then the 


the working ‘stress and the primary girder stress is available to resist inter- 
action flexure in the girder. The difference between the working stress and 
is “the stress due to direct thrust in the arch ‘rib is available to resist, flexure 


. ra in th he rib. Temperature and deformation stresses may also be discounted ; 


‘The stress due to interaction flexure i in the girder is to the flexural stress: 
int the rib approximately as the depth of ‘the girder is to the depth of the rib. 
The rib and deck resist the moment (except for primary moments) approxi- 


“mately i in proportion to their moment of inertia. 
a few ‘rough figures will enable « an estimate to be made as to whether a = 
tentative combination of depths of girder at and rib is ‘efficient or inefficient, 


Bearsbe will g give some idea as to what can be done about put it; for example, if the 


girder is found to be overstressed, it must be remembered that 
the depth of girder increase interaction stress, although it it 
decreases the > primary § stress. kit it ody 
Analyses « of several structures by the writer have indicated that for loads 
applied : at column points, the | approximation mvolved in the a assumption that 
the columns are closely spaced is very good. This approximation is strictly 


Were 


i? true : for the particular case of a two- -hinged arch rib polygonal in shape with ig 
| deck “composed of straight prismatic segments between column points, in 


which the ratio, has" the same value in every panel. For 


“column reactions, ‘considering t the floor as a beam, and. then 


there are “expansion joints: in ‘the floor total moment 


: taken by the rib. Where the floor is ‘not continuous over the springing the im 


moment at the springing is resisted entirely by the rib. 
_ For certain cases it is ‘possible that neglect of the columns will not be 


ig on the safe side. If the columns are stiff and the floor flexible there is 
flexure of. the floor and the moments in the floor may 


| of several times as great as those assumed on the basis | of equal angle changes, — x 
unless the ‘stiffness of rib and floor is of ‘about the same ‘order. 
ix Relative Importance of Sources of Stress.—The principal sources of stress 

or which a: a n arch bridge is designed dead load, live load, and deforma- 
ti ions such as those due to temperature nkage, abutment 


Neglecting the the effect rib- will be no interaction stress 
ED for dead ned if the pressure Tins for the weight of the rib and the dead ag 
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s. With some reservations, may be 


as deformation stress. The manner of, constructing the structure must be 


considered in evaluating the effect of rib- -shortening for example, if the 


arch centering is ‘struck before the deck is constructed, rib- due 


to the weight of the rib ¥ will not cause interaction stress. 
dead load and live load moments in . the floor as a. 
frame Seed at the column bases (defined as_ the primary moments in 


floor) depend mainly on the panel interaction moments in the 


may pick the interaction stress in the: almost anything that i 


in the floor r to a minimum, it is most easily done by reducing the depth of 


floor by a a proper choice of details and arrangement of framing. 


<ieon For very ‘short arches, § say, spans up to 50 ft perhaps, the dead | load stress 


is is relatively small Il compared to the live load stress for an open spandrel arch, ; 
spans are usually constructed more economically with filled 
spandrels. — ie For arches of ‘perhaps 150 ft, or more, in length , the dead 1 load is 


ge enerally more important than the live load. For long: “span bridges inter- 
q ~? action has | no effect on the major r part of the stress in the arch rib. In this 


"id connection it is interesting to note what has been written™ at concerning the 


design of the George ‘Westinghouse Bridge of 412- ft span n length: 


“A model study of the main span was made with the Beggs Deformeter - 


determine the stiffening effect of the superstructure. This study 
that the negative live load moment at the springing line would not exceed 
a 60 per cent of the moment calculated for the bare rib. — ‘When this moment is” 
er stress the reduction is only from 780 t to 730 lb. per § 


4 


th of 202 ft, contains the ‘following comment: | 


“Bach main arch consists of three ribs, 12 ft wide, 

_ designed as free ribs by the application of the elastic theory without taking 
into account the restraining action of the superstructure. The design was 
checked by the use of deformeter gages on a celluloid model, and the agree- 
ment with the analytical method was practically exact. A determination 

of the stresses in the rib was also made on a complete ‘model of the rib and 
“superstructure, and marked reductions in the moments, thrusts and shears 
were noted due to the stiffening effect of the spandrels and floor. © Pane 


4 

Ine even 1 shorter arch it may be that a decrease it in live 


and temperature stress. 


= 21 “Relation of Analysis to Structural Design, ” by 
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Alle 


o> 
both and crown stresses between 180 ft and 400 ‘ft, led 


“For the extreme condition to temperature 

4 and shrinkage was doubled to indicate the possible effect of additional moment = 
_ from any cause such as a temperature drop or shrinkage greater than the 
_ assumed or movement of the supports. This investigation leads to interesting 
conclusions. Considering the extreme condition of combined stress, which 

an index to the ultimate safety of the rib, it develops that: 


oy @G@). The live load stress is a relatively small proportion of the total 

pt na from about 15 per cent for spans approximating 400 ft. to about 25. 

per cent for short spans. These ‘percentages apply to shallow ribs, and are 


“(2) The arch shortening may become more 50 cent 


the total for deep ribs.” af 


not moment in an any case, -aind usually not even 


‘height of the longest ‘columns ‘may possibly be consider- 


ably” overstressed in flexure due interaction. This is not necessarily — 


- serious unless the columns are e depended “upon to reduce the stress in | the rib 
3 Various ‘studies made by the writer seem to indicate that the column action 


is generally always hybrid . TI he effect on the column moments of ie 


the size of the column, is demonstrated in Figs. 2 ai and 3. 4 Moreover, even 
: when the columns are so stiff that further increase in their section does not 


4 attract more moment to them, the column moments ee ene to 


variations in ‘the ratio between rib and floor stiffness. 


or ARCHES WITH SPANDREL SrrvoruRe 

Rib with Flexible Deck. the superstructure is very flexible compared 


| with the rib the interaction n stresses, due e to movement « of the column a + 
Ww ill be. small ‘compared with the primary stress” in the deck, considering the 
“column bases fixed. this type is clearly normal with participa-— 
is worth while examine the possibility reducing interaction 

- tresses by detailing the superstructure so that it has a high degree of flex- ngs 
“ibility. Jack or spandrel arches and fascia beams may be ‘omitted and 
i the slabs framing into the floor- ‘beams at each panel may be used to secure = 
construction. A structure so designed may possibly be overstressed in 


he deck, but the ov over- er-stress will: not be serious since the deck i is not 


determining interaction in structure of this kind 
has been suggested by Hardy Cross.’ ‘The method is akin to that com- 
“Lhe Design of Concrete Arches in Allegheny County, Pennsylvania, by G. 
Am. Proceedings, Am. Concrete Inst., Vol. XXVII 
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monly used to determine "stresses trusses and is as 


follows 4 For the given condition of loading determine the deflections of the 
-eolumn points in the arch bridge. general, these deflections will be a 
horizontal and a vertical translation and a rotation. For these given deflec- 


- tions find the stresses in the ‘superstructure. . If the forces at the column base 


a are small compared to the | loads acting on the arch, no revision is necessary. a 


they are not negligible a revision may be made by computing the addi- 
race deflection of the arch rib due to these forces and revising the figures. 


YR this revision is large, ‘the method will not t work. It may be used, how- 


[4 ever, er, to determine whether or not the secondary ‘stresses are serious in any 


flexibility of the deck « depends mainly ‘panel length, and it i is. = 


length + will be practically the same in stiffness. The longer the arch bridge, 
stiffer will be the rib. structures of short and moderate lengths 


deck, of necessity, will be fairly stiff as compared tc to the rib. ir The flexible ee 
deck type of structure will ‘usually be found, therefore, in long spans. Bite ae 
Flitch Arch. it is _hecessary ¢ or seems desirable to make the 
floor : fairly heavy, it is possible to make use of the flitch- beam concept in ea 


the design of the structure, and depend on the floor, but not on the ‘columns, 
ae. in | interaction acti Where both the rib and the floor are depended on to carry 


load, the structure is hybrid, but ‘the controlling relations are e compara- 


tively. clear; ‘the designer can ‘ “tell ‘the structure what to do” with reasonable 


assurance that it will act in the way he designs it. 


The particular of a flexible flitch arch with stiffening girder is 
ee. interest. — Several arches of this type have been built in Switzerland, 
aa Sweden, and Finland. . The Landquart Bridge, in ‘Switzerland, is « of this 
has a polygonal rib about 10 in. deep connected by f flexible columns 
toa floor supported by girders approximately 3 ft in depth. rs Stresses’ in this 
type of structure be developed directly from the fliteh- -beam concept by 


- eonsidering a two- hinged arch rib having the shape of the ‘given rib and a | 
moment of ‘inertia variation, jin which = ts equal to — for the girder. 
Th analogy holds for flexural stresses due to. all causes, » including: short- 
ening. Of course, all direct stresses are | carried by the arch rib, including 
‘direct ‘stress due to rib- shortening and deformations. ns. The secondary flexural 
stresses in 1] the..# rib » may b be. obtained f from tl the ‘relation that the flexural stress 
n the rib is to the interaction flexural stress in the girder ‘approximately as a 


the depth « of the rib is to the depth of the girder. This type . of flitch arch 


82, 


So 


pre 
is a normal structure with stresses” in the 
10) 
flitch-beam concept. may te: the structure with a saddle the 


connecting the deck and rib, providing the columns" outside | the saddle are 
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infinite moment of should be pointed out that stresses in such 


saddle, even for given moments, shears, and thrusts, ‘cannot be computed 


kecurately by methods of f elementary mechanics. | Usually, it will not 
necessary to the stresses since the resistance of the to flexure 
very high. the deck outside the saddle is quite “flexible it may be con- 
_ venient. to consider the section common on to rib and deck as a ] part of the rib_ 4q id 


and neglect. any other effect of the deck. The method of of computing 


participation s stress in the floor suggested i in the ne preceding, see section 

is used as 1 tie, the p procedure with slight modifications may still be used. 

= it the tie and the roadway have no flexural resistance the structure is what : Mae 

ge, ordinarily known as the bowstring arch, which may be analyzed cot conven- 

he iently | by the usual methods. _ The secondary flexural stresses in the Toad: 

way may be approximated as shown previously for similar structures. 


There is nothing in the flitch- beam concept requiring that the structure 


symmetrical Unsymmetrical arches may treated in the same manner 


Arch with Stiff Spandrel Columns —The structure in which the effect of a 


the columns is important is, in n general, in . the hybrid class. _ There are cer- 


tain ex exceptions. i If the columns are quite stiff, and if the rib and floor have 
approximately equal moments of inertia, the structure has certain ‘norma 


characteristics. — The corresponding ‘simply supported Vierendeel ‘truss is a 


normal structure and can readily be designed. For the Vierendeel truss an 
an 
th a “foprosimate | analysis | is preliminary to design may be ‘made by assuming points ae 
contraflexure in the center of all: members and ¢ that at any section 
“the moments in rib and moor are equal. the arch, it is necessary to take 


_ into account the fact that the ‘supports a are fixed. It is noted in this con- ae a 
"nection that the arched structure is to ‘the same extent that = 


ad aga 
rder. F For the general case of the | structure with: moderately. stiff columns, where ah, 
trib and floor are uite different in stiffness, the structure is certainly | 

t- | 4 
hort: may be possible “certain ‘eases to choose, arbitrarily, propor- 
na tions which analysis will prove to be fairly satisfactory. In general, however, © 
xural no definite rules can be given for the revision of su such a _ design from the 
stress ‘deeuilte of an analysis; nor is the stress in such a structure known certainly, 
me even. for given dimensions because of the effect of variations in physical 
arch properties of the different The hybrid structure, particularly the 
o the complicated hybrid structure of this type, may be quite sensitive to v varie 
tions within itself. it may be designed, of ourse, by choosing to neglect 

saddle ‘the uncertain factors. In it must be ascertained the 
le 


the safe side if any ‘advantage is to be tal taken 
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 Errecr oF Expansion Jomrts AND OTHER OF 


‘The articulation of the structure by means of expansion joints in the floor 


hinges, rollers, and sliding joints in the columns, affects principally 


columns. far as. the rib is concerned, ‘due to articulation of the 
deck, the dead load stress is unaffected, the decrease in’ load stress over 


that for the plain rib i is ‘Jess, and “the increase in temperature stress: : at 


a _ the springing over that for the bare rib is less, than for the structure en 


articulation. I _ In the floor both the interaction live load stress and the t tem- 


ath perature stress by articulation | of the but in the case 


sed by expansion 


— 
joints in ‘the floor. ‘The ‘expansion joint tends to localize the rib deformation, 


and, as a consequence, the neighboring columns may suffer. py Temperature 


- stresses. in the columns are probably reduced in all cases by | expansion joints 
because of the decreased stiffness of the entire structure. 


Articulating the columns rather than using expansion in the floor 


is effective in reducing the moments, but the details of such 


pu 


The most important to be emphasized i in this paper may sum- 


must. be is small. ‘The ordinary “method of 


= designing» arch structures neglecting interaction is sound, in general, since 
structures so designed have a arentl iven ood service. 
gn je apparently given good service. 


(2) ‘The significance, of oyer- -stress in the superstructure 
Fs whether the deck i is s counted upon to assist the rib in carrying the load. Tt 
"may be possible to obtain greater economy by detailing floor and columns to 
reduce their rigidity, and hence their interaction stress, than by designing 
the superstructure to assist the: ib, The conclusion that ‘the deck always 


strengthens: the rib: ‘must not be > drawn, “too hastily. ‘The a 


tions a are high i in the integral, structure. Fes 
3). Certain limiting cases of the anh with integral structure are 

“normal, and can be designed directly, b but practically all such structures: 
of the proportions usually built are > hybrid, * “and cannot be ‘designed “for 


given working stresses by the traditional “procedure of ‘repeated analysis and 
(4) An arch with a comparatively heavy rib and flexible columns and « deck 
supporting relatively light. live loads is a normal structure with participation 
stress” in and columns added to the | normal stress in these members 
du tio uous deck frame 


— 
— 
— 
— 
— 
— | on 
in 
z 
— 
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(5) Another “normal” is the structure contisting of a 
ah a ‘stiffening girder. There will be flexural | participation stres 


“rib, in addition to the normal stress due to the direct thrust i in the rib. i 


(6) third type e of structure having ‘ ‘normal” characteristics in certai 
ay cases may be described as an arched Vierendeel truss. 7 This structure must 
have quite rigid columns, and floor and rib of approximately equal stiffness. 
corresponding simply supported ‘Vierendeel_ truss _would be ‘normal, 
but fixing the Supports introduces complications. 
important to note that the fixed arch rib hi has Weed daeseataies for liv 
‘Other arch structures may be inv various ways by 
es! manner of construction or r design involving the use of articulations an a 
flexible sections. s structures have well ‘marked participation stresses at 


such articulations: and 


hinges and joints are “ “normal. 

(8) In: special case cases applying to certain other arch structures which | have 
hybrid characteristics the controlling relations are comparatively clear. 
“flitch- beam concept applyi ing ‘to the ‘structure with flexible columns has con- 
siderable value and leads to a definite design procedure, 
(9) For the general case where the columns must be of stiff- 

the | structure is clearly hybrid, there Seems to be no convenient 


estimating in advance w 3 


on an which is not “repeated for the new design. 


It is ‘open to question whether a better structure is — by su such a a or ; 


than by neglecting interaction mn entirely. 


| 
— 
— 
Vv 
‘ 
n, 
ts 
a 
or 
ch | 
rch | Vy Ui a Uesigil doves Hot appear to de ver 
of. 
a] 
| 


po 


— 

— 
— 
| 
4 
pe 
ge 
— 
pe 
be 
| 
— 
| 


[E ICAN SOCIETY OF CIVIL ENGINEERS. 
Founded November 5, 1852 ns ! *: 


an 


"INFLUENCE OF DIVERSION ON THE 1 MISSISSIPPI 


ne BY E. -F. SALISBURY, M. AM. al 


a 


F. Sauissury,” A. Soc. O. (by letter). "The frank ‘eriticism 
constructive comments in the discussions are appreciated. The 
by Professor Lane assists materially in clarifying the paper and the writer is 
| practically in 1 complete : agreement with his views. 
a Professor Lane points out that, prior to the removal of the rafts from the 
Atchafalaya River, probably. the greater portion | of the flow of the Red River 
the ‘Mississippi River and heer now only a small part wil 


y have much more effect on athe channel below 
‘Red River thea than the a that passes out of the Mississippi through 


The writer is not completely in ord with ‘this view. during the 
eriod of this analysis, increasing » volumes of water from the ‘Rea River were Be ae 
ng diverted through the Atchafalaya, a resulting detrimental effect on Ba 
the main channel is not questioned. _ However, although the Atchafalaya River ae 
greatly increased in cross-sectional area, during the period of this. study, 
it has not increased materially in discharge capacity ; | therefore, the conditions oe ae 
controlling the draw from the Red River have not changed during the time a 
under consideration. The removal of the rafts in the Atchafalaya began 
' about 1 1840 and was completed in the early Sixties; so > there were from 20 to. a 
40 yr for any channel ‘adjustment before the earliest date used in the paper 
if the removal of the rafts would have the effect of drawing off more of the ar. a 
Red River discharge through the Atchafalaya than formerly. Consequently, 
it is believed that deterioration in the main channel below | Red River 


Landing i is due solely to diversion of water from the Mississippi through | Old a Re . 


___ Notgx.—The paper by E. F. Salisbury, M. . Am. Soc. C. E., was published in November, 
1935, Proceedings. Discussion on the paper has appeared in Proceedings, as follows: 
April, 1936, by ag M. Odom, Assoc. M. Am. Soc. ae = ads 1936, by E. W. Lane, 
Engr., L. & A. R. R., Minden, 

Received by Secretary August 24, 1936. 
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nels. Definite proof as to this thought is not available at this time. _The 


OF 


_ Mississippi, it is by no means improbable in a river scouring as ged, in the 
Atchafalaya was during the period under consideration. The irregular 
- eutting of the banks and bed which occurred under such circumstances might _ 
easily cause an increase in roughness. _ The great turbulence of the river is | 
_ very noticeable at high flows and the computed roughness factors show con-— 


siderably higher values than an ordinary river channel.” a 


_ For some time » the writer has been of the opinion that sali: the silt load 


ol a heavily laden stream is ‘subjected to a major disturbance, causing either 
re a considerable increase or a considerable loss in the silt load, such as that 


“oa produced by a diversion of 1 the flow, a material ‘inerease in roughness factor 


wi is ; immediately | produced o over that ¢ customarily used for o: inary river chan- ; 


ie ‘observations of the effects at the cut-offs | being made in the Mississippi River 


Mr. Odom i is correct that the reference to the ‘Guglielmini hydraulic: theory 


aa as mentioned it in the Humphreys ‘and Abbot r report on the “Physics and 


Hydraulics of the Mississippi River” is an “extract from the writings 0 vf 
Major J. G. Barnard , Corps of Engineers, 7 S. Army.” The \ writer is 
indebted to Mr. Odom for clearing up this reference. 


In preparing the paper it was the Writer’ 8 intention. ‘interpret rrectly 


selected With this the data, cannot be 
- considered as selected as was intimated by Mr. Odom. On the basis of inter- 


. preting that which the river has recorded, it is premature to conclude that 


the “Synopsis” ‘should include cut-offs” as well as. diversion. ‘The further 

; m3 recordings of the river will be the answer to this separate problem. T he rea- 

"sons advanced by Mr. Odom as to the existence of a compact, and i readily 

scoured, clay in | the bed o of the Atchafalaya anc and Mississippi Rivers, are gen- 


erally accepted. ri Furthermore, they apply to other silt- bearing streams and 


ae Below Red River Landing, the Carrollton gauge is the only recorded gauge 
discharge study that. provides data for analysis, Mr. Odom’s statement 
- that “at Carrollton the gongs: height for bank- -full discharge has not varied 

in the 45 depends upon the limitations as defined by the 


co vc olume of water at Rasiilinens, could not lie’ expected to be of the s 
that at Red River Landing a as it 3 is about 191 miles down stream 0 on 


‘Rouge for the same volume of water will be less than at Red River Landing 

as it is about 60 miles below, « and yet greater than at New Orleans, , which is | 

124 miles farther down stream. ‘Discharge observations are not taken i in the 

River at Baton Rouge. To the action of river Pat this 


et 
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point, gauge heights were listed for the abou ” the discharge of 1 100 000 
ew ft ‘per sec at the Carrollton gauge station. Table 13 shcws the result oe - 
gauge re study at Baton Rouge, together with the studies at Red River 
Landing and Carrollton. It demonstrates clearly, the increase in gauge for 


~ discharging the same volume of water at three points o: on the Mississippi River — 


i Period a ¥ rears a discharge of 1 100 000 | increase, 
‘in feet 


1 
» 2 1890-1909 45.0 


1883-1891 


1892-1912 b 


1913-1932 | 38.3 


of Carrollton (New Orleans) 2 | 1892-1912 16.6 

is 

aly 

lies Prior to ) the flood of 1922 


flood of 1922 produced a gauge ge of 21.2 ft for a smaller discharge of 1281 000 r 
\ter- en ft ft per sec. During the flood of 1890, a volume of 1: 292 000 cu ft per sec 


passed on the gauge nadia 16.0 ft, whereas, i in 1922, a 1 volume » slightly less passed 


ata gauge of 21.2 ft. 
The volume of water diverted into the Atchafalaya i is dependent upon the 


‘Orleans was 1351 000 cu in 1897, of 18.6 ft. The 


rea- 
adily a flood height in the Mississippi River. The higher the gauge in the Mississippi hs 

gen- J -* at Red River Landing the larger will be the volume < of diversion, and the Rare 
and § greater the deposition of silt below. the 1 point of diversion. — The growth or 

change i in the bar below Old River, therefore, is regulated by flood heights 
rauge  W ill increase or r decrease i in extent with the increase or decrease ¢ of the average 

ment of peak-flood heights. The average peak-flood heights for the period, 1890 
varied 1907, is 48.7 ft. iF The flood of 1903, which falls within this group, had a flood — 
Ny the peak of 50.1 ft. at Red River Landing, the second highest flood of record o i 


me of this | time. - It would be expected, therefore, that the gauge for discharging jo is iy 
same same volume of water during this peak- -flood | year would be reflected by a high 


‘i. The locations of diversion as mentioned by Mr. Odom where shoaling i in the a 
“Mississippi River is not noticeable, are immediately adjacent to the Gulf 


cand below the leveed section of the river, and. are not comparable with the 


effects. wited at Red River Landing where the river is confined by levees and 
subjected to a ‘variation in water elevation of about: 50 ft. Baptiste 
a 


at this 


= 


— 
— 
ia 
— 
.—l 
— 
that 
the — 
ther 
am — 
Baton 
— 
anding 
i 
in_ the 


part variation in water levels ‘om: points is te: Gulf 


tides and wind. |The river - channel has adjusted itself to this condition. On 


the other hand, if the maximum variation was" due, to flood heights and if 
ean flood heights were increased, ¢ causing consequent increase in diversion, shoals 
would occur. In elevation of high ‘water above Mean Gulf Level at 


4s 


in “a the hydraulic theory, are that ‘since 1890 the same § ‘ij 
$ /-Yolume of water has been discharging at the s same gauge heights as it was in § B 
1938, although the leveed section of the river, including about 17 miles beyond, E ; 
_ shows large i increases in cross-sectional area. - This is further substantiated by & 
| the fact that the discharges are e the | same for the period, (1897 to 1932, fora BH 4 
*, high 1 gauge we of 50 ft at Red River Landing. ¥ The velocity during this period , 


vane 
shows a slight decrease. Mr. Odom co considers that these data are practically i: 


no proof and substitutes therefor his opinion, that, when | the stream is per- 
mitted to o discharge freely into Grand Lake by the ¢ extension of the levees and 


a the he cutting of a pilot channel between them, the full advantage o' of the increased in 
a cross-section will be available. Evidently, he does not consider the inefficient | fo. 


channels below the end of the levee system as being due to the silt load | 
deposited by the Atchafalaya River, and that, after this immediate section of 
of hydraulically inefficient channels is eliminated by the work he suggests, 
no more will be formed beyond the levee proposed. thi 
_ river’s power of adjustment i in the handling of its silt load is changed by some. 
— method of disposal foreign | to the river’s treatment, it may create an entirely 


The Atchafalaya | is similar to other silt- in numer: 


up the area below. ri Dus to the presence of colloids, this freshly deposited silt, 


-eonsolidates and hardens, and requires higher velocities to ‘dislodge it ‘again 
than it | did to keep it moving. This process of land building below the levee 
end i is foundation utilized by the Louisiana State Board of Engineer: § 
in the levee extensions on the Atchafalaya. ya. The levees have been extended inf 
_ progression with the e forming of this foundation by the deposition of silt. — The 


confinement of waters between the extended levees produces. sufficient velocity 
—* pick up the consolidated clays again, thereby materially i increasing the cross 


Benet area 1 of the stream, and transferring the land- building process dow 
stream. ae the past is any criterion, that which is now the portion of Grand 


Lake will, under Mr. Odom’ s plan, be the location of the numerous hydraulic B 
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a ly inefiient when levees have 


pony will still be present. 


yn | greatest increases in cross- sectional this river are in | 

if lower reaches and are dite to levee. confinement, as stated by Mr. Odom. In 

als | the: upper 28 miles of the leveed portion (Reach > 0 to 5) the cross-sectional 

at ff area in 1932 ranged from 70000 to 79 000 sq ft, being an increase in area. from 

be 26 to to 35% over that in 1904. In the next following 25 miles (Reach 6 to 10) sce ae 
A eae -sectional area in 1932 ranged from 55 000 to 59 59000 sq ft » being an ma 
" increase in area over that in 1904 from 4 to 208 per cent. . The lower 16 miles 


: (Reach 11 to » 18) is below the e levee system and, in in 1932, the area for Reach 11 ne 7 
45.000 sq ft, ‘diminishing to 24000 sq ft for Reach 13, which indicates _ 
area a increase over 1904 of 201% a and 56%, respectively. _Cross- 


areas are not available prior to 1904-05. _ Greater ‘increases in area, than those 
listed, would occur for the period, 1890 to 1932, the period of gauge study. ey 
B y 1896, the levee system ended within the limits of Reach 6 and was extended ee 


B 
Ss 


ay the limits of Reach 8 ‘prior to the cross- sectional survey of 1904-05. 


| Because of this levee extension (which was made prior to survey of 
1904-05), Reach 6 would show a considerably larger. increase in area the 
riod ft prior period over that of 4% for the period since the survey of 1904-05, 3 Thee 
ally fore, it is 3 logical to consider that the _cross- s-sectional area of Reach 6 


vient for the pe iod of this study, ‘and , therefore, isturb pay ‘conclusions 

reached as to the adjustment of th the river. 

ction ia It is not the writer’s intention to deal with causes of the formation of eS 

can Z ‘present. channel of the Mississippi River, but the theory advanced ed by Mr. Odom fe, 

the 


on ‘this feature is interesting. paper deals with | the condition of the 


existing rivers and offers the ‘reason why the Mississippi River is 
from diverting its flow from its ‘present channel through the Atchafalaya 


‘River even if the Atchafalaya is the shortest distan ce with steeper slopes" t 


Although the views expressed by Mr. Odom are appreciated, it is thought 
Idi 


1 silt, 
agail 


he did not aman data and conclusions warranting a change i in the original | 
deductions 
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AMERICAN OF CIVIL ENGINEERS: 


DEFLECTIONS: 


THE PANEL DEFLECTION METHOD” 


Lours H. SHOEMAKER, M. AM. Soc. C. 


M. Am. Soo. ©. E. (by letter).’ n number of 
been made by discussers of this paper. . 
eral have proposed, and explained in some detail, methods of calculation 
a which the effect of the deformation of each truss member is treated 
separately. have proposed ‘special ways of treating certain problems 
— which they . appear to consider as offering | difficulties if a solution is sought | 
by the method under discussion. These methods, 2 as well as the Williot 
diagram and the method of “elastic moments,” are claimed to offer material 


advantages, especially as “regards the work of. computation and avoidance 


question of “the: comparative amount. of work required by different 


methods of computation can only” be decided by experience; and in this 
case there is no doubt to the result. Formulas, as the name implies, 


‘4 
>: provide a form for the computations to take and, ‘consequently, expedite the 
. work and contribute to its accuracy; and, although these formulas ashen 


be memorized, the ‘manner in ‘whtels hay are developed and applied is easily 


remembered Other er methods, although not requiring the use of formulas, 
are much more complicated in their application. 
‘The “panel deflection method” treats the deflections of a truss in exactly 


the way in which they occur. ‘There is ‘no question but that the panel 


is the unit of deflection and ‘the ‘equations express. ‘the panel — 
is eviderit that the typical form of panel used applies ‘single 

with parallel sides, the deflections being taken i in the direc 

a tion of the sides. This type is used in practically all engineering structures. s 


___ Norge.—The paper by Louis H. Shoemaker, M. Am. Soc. C. B., was published in 
- November, 1935, Proceedings. Discussion on this paper has appeared. in Proceedings , as 
- follows: January, 1936, by Messrs. David B. Hall, and E. Mirabelli; February, 19 6. by 
Messrs. William Bertwell, and Robert H. HurJbutt; March, 1936, by Messrs. A. A. 
min, T. P. Noe, Jr., David A. Molitor, and Glenn L. Enke ; April, 1936, by Fang-Yin 
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SHOEMAKER ON TRUSS DEFLECTIONS 
the case of sub-divided the of main points 
| os obtained from the deformations of the members of the ma main panel and Be 


ee the deflections of the sub-panel points from the deformations of the oe: 


the triangle forming the sub- panel construction. In trusses: having web 


systems ‘composed of diagonals only, temporary verticals ean be ‘considered 

applied at the panel points. As these verticals have no stress, the te terms 

in the formulas involving their changes" in n length disappear. ‘Formulas for 

K- -type 0 of panel are easily the method described in 


answered the objection has been raised, that this 


Mr. Molitor advances the statement, ‘offering supporting 


that the method under discussion applies to very simple truss forms. 


and complications “due the 1 more geometric ‘relations, for 
which’ the new method becomes quite ‘out of bounds’. Other than to 
disagree completely with Mr. Molitor’ in far as they are 


18 definite, it seems “unnecessary to reply. However, it is is confidently expected 

it ; that thoughtful and discerning members, who study the facts as aed 

yt will that th the method offered has the advantages: claimed for it. 


— 


4 


. 23. —ELEvarion or HALF 


Aa analysis of the. steel arch bridge ayn 


Hen Gate, i in | New York City, 
(see ‘Fig. 28) will “serve. to answer various criticisms offered in discussion. o 
ff 
‘Preliminary data ‘(that is, changes of length and length of members) were 
a "Transactions, 4 Am. Boe. H., Vol. LXXXII (1918), 852, 


The computations for the reactions are given in Tables. 14 and 15. The 
rom a paper” by O. H. Ammann, M. Am. Soc. 0. ‘published in 


a 
4 
— 
1, 4 — 
14 — 
| 
4 
as a 
4 
— 
res. 
— 
l in =. 
‘ 
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; 1918. | ‘Table 14 gives the results of the computations ‘of the products c 
d, ete. which are the terms ‘composing the formulas. Table 15 ‘the 


3 Ss ‘final results are given. = computing the | total deflection of a point Equa- 

tion (4) gives the total deflection of each point from the origin. Another 

‘ method of ‘making these computations is to ‘compute the deflection of “each 


oint with reference to the preceding point. 
TABLE 14. —Compurations FOR cc odd, Gare ‘Anon Briar, 
“York, 


_ Symbol 


Change in 


ucts, 


-potnts 
feet x 1000 Z 
Members 


length, in _ 


a 


186 


c 
d 
e 
u 
v 
w 


gin cons 


OCANWS 


00 G9 


Professor ' Tsai has developed equations for the ‘deflections of an irregularly | 


shaped by -Williot ‘The writer his interesting 


derived ‘the necessary, formula for that in the most manner. 


7 
a 
22-23 | » | 40.2 $708.6 | +30 9-10 | 
— -23 | $8.7 | 405 | + 
— 21-2 10-11 2) +405 
1-18 tine|+so0 
56.1) + 53.6 +44 210 
11-1 47.0 1.2 | +12 2 648, 
| +800" | 
— 
— 
— 


Vertical 
deflection, 
Deflection | 4 in 


and 
points 


beck 


a *p = 425 ft. 
of of the paper. a 


apply to trusses w 
i 


of 


“4071 


+3 879 


47 468 
47 896 


528 
915 


os By Equation (5), Hp =2 029-34 729=32 700; 32 700 X2=65 400 


018 _ 
65 400 1072 


Correction ¢ 0.00: 


September, 1936 — 
— 
Values of | Horizontal Total | Reactions 
2 —+253.5 | + 3 677] ...... | 51185 _ 
| +16 205 | ...... 38 425 _ 5876 
| +984 978 | +16 486 | 38 429 | 65 400 
: 20 | +197.9 | +427 714 | =0.4096 
rly sor Tsai is in error in thinking — — Ze 
ing ith sub-divided panels. The writer be 
reviously in this discussion, fully answers this questi 
ae Eats sussion. The writer’s reference to the deflections of a beam was for tl ya = 
— 


asi 
by the method of virtual work, 
the nth panel point with reference to the pened 


the | paper reveal the fact that deflections = 
toa point called the origin of deflections and a line through this point a 

ealled- the axis of deflections. ‘The deflection of a a single pc point of a struc- 


aa is ture, furthermore, can be computed as easily by the “panel deflection method’ a” 


‘This method of computing Ar enables the results” to be tabulated in more 


e: a compact form. In Table 15, A and R are given together in . Column (2), 


on the upper line and on the lower line of the panel space. the 


manner p) and A +3 p) are given in Column and y and Ry y 


we Column | (5). In obtaining the values ¢ of Ar, the value of A + Piha. > CR p) on the 


a sufficient answer the various claims and criticisms that have appeared 


bs 
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ee space above, and the result is the value of Ar for the given panel. The - ee 
— computations for horizontal deflections of Point O are written at the bottom XY 
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CIVIL ENGINE. 


‘LATERAL. LOADING TESTS” 


. KRYNINE Soc. a 


D. P. M. Au. Soo. E. (by letter). lateral pile- driving 


tests at Alton, described in this were made on a. considerably larger 
—seale than any other experiments known to the writer. Therefore, they 
“approach the actual loading ‘conditions closely. Furthermore, t the piles 
_—_ were studied both as single units and in groups, , with heads embedded in con- 

crete monoliths, whereas other investigators have dealt with isolated piles only. — 

Previous Experiments.—There is a series of older German: ex only. 

. made for the ‘purpose of determining the resistance of posts placed in narrow ‘ie 
‘4 holes which subsequently were back-filled with earth. Among the experiments 
of this series are those by Professor Engel”, H. Frohlich”, and those by 
i. Dérr®. The latter investigator used posts about 18 ft. high, and the depth 
gt embedment varied between 4.3 and 6.1 ft. The soil was Rhine’ sand, as a ar : 

rule finer than 1 mam, with the angle of natural slope about 40 degrees, Dorr 


measured. “horizontal forces” corresponding to horizontal displacements 


certain on’ the test post, care ‘being taken t o substract therefrom 


"pure ly of ‘the post horizontal not 


ashes oan the post 1 was down Subsequent 
tion ‘showed the absence of ashes in the lowest third of ‘the embedded depth. 

a Thus, the existence of the “ ‘zero point” was established experimentally. An tat 

- isolated pile embedded in the ground and subjected to the action of a hori- a 


zontal force, would rotate about that zero point. 


_Norr.—The paper by Lawrence B. Feagin, Assoc. M. Am. Soe. C. E., was 
P in November, 1935, Proceedings. Discussion on this paper has appeared in’ Proceedings, 4 
as follows: November, 1935, by A. E. Cummings, Assoc. M. Am. Soc. C. E.; January, 
: 1936, by Messrs. J. C. Meem, and T. - Kennard Thomson : February, 1936, by August F. 
Niederhoff, _ Jun. Am. Soc. C. B.; and August, 1936, by Messrs. Lazarus White, -and 
Research Associate in Soil Mechanics, School Engineering, Yale Univ. 
“Beitrag ‘zur Berechnung der Mastfundamente”, 1913. 
“Die Standsicherheit der Masten und Wiinde im Erdreich”, 
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RRYNINE ON LATERAL P ILE-LOADING TESTS 


at North Carolina State Callens; Balaigh, 
\¢ 

a] , and by the State Highway Board of Georgia” ' have . shown that the resistance 
ofa pole to overturning is proportional to 1 the : square of the penetration depth. 

mi ‘This fact induces « one to believe that the resistance of a pile to the action of | 
ae o 54 a lateral force is connected with the configuration of some body of rotation 
Sei mae which develops w within the earth mass close to the pile under consideration. 

The North Carolina tests’ were conducted in hard clay, and those in ‘Georgia 

clay containing about 50 to 60% of sand, 


= an force, in 


Introducing the following» notations: = Po 
Eager pounds; d= - depth of embedment or penetration in feet; and c = a coefficient. 


> 


The overturning force may then be e expressed as as: 

= cd. pi 


* 1928 made some field and laboratory tests on pile models” 


loaded horizontally. ‘These tests were made in co- operation with ‘Messrs. G.I. 


‘and N. V. Laletine” v who later continued this work alone.” 


und after 


fe 


> 


Pulling in Kilograms 


j 
» 


piles, 3 to 34. in. in ranging in length from 6 to ft, “were driven 
: eee into a very 1 uniform clay with 1 17 to 18% of natural moisture. Then the = 
= overturned by applying a force. Ae cross- -section ‘through, the 


15-55. 
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29 1s a sketch made from a 
‘She euriace with:s sharp knife. ig. 20 is a sketch made irom & 
_ photograph of that cross-section. The zero point, Z, 
— Investigations in 1928-1929” (printed in Russian), 
“Soil Investigations in 1929-1930” (printed in Russian), 
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d to 0.69 d, is clearly seen; and it that the 
consists of two Phases. * In the first phase the pile rotates slightly about its 
ro > point, Zz , being resisted by both the compressive ve resistance of the soil a 
(compressed zones, ¢ and by its tensile strength (Crack c). The second 


ter of rotation g radually moves ‘the zero. point, Z, to 
' the ground, G, following the curve, ZG; and, finally, an earth cone is — 
“out. weak pile breaks during this second phase. 

It follows from these experiments that a ‘structure founded 

subject to lateral forces, is kept in place by ‘the comprensive resistance of © 
ae adjacent earth mass. This compressive resistance, however, does not 
control the ultimate, or the limit of equilibrium | of the e structure. As soon 
a as the acting force overcomes the value of the shearing resistance of the soil, ‘ 

the deformation takes the path of least resistance, and the mass fails by shear. 

the actual lateral force should not be greater than an nth part of | 

the shearing resistance, in v which n is the safety factor. . Furthermore, there ie -om 

% is a sharp difference between the failure ¢ of the earth mass and the failure of ae 


4 the structure itself, since owing to the excessive compressibility | of an earth | . 


- mass, the structure may move laterally and fail before the ‘adjacent earth mass 2 
is is disturbed by shear. A . further development of these ‘experiments has 
R: _ There | are two more series of experiments of this kind. In 1928 and pe, 
Paul E Raes, of the University of Ghent, Belgium, made some tests po 
fe concrete piles, 12 by 12 in. and 14 by 14 in. He published his results and 
advanced theory which is essentially that of a zero point, or “pivot” 
according to his terminology. In 1933, mote: some very 
~precise ‘small-scale experiments concerning lateral pile action. He used 
and metallic pile models (from to in. in diameter) embedded 
about 10 to 12 in. in a sand mass confined in a box, 24 by 24 in. by 16 in., 
- which was supposed to be large enough to leave the model pile action undis- 
_turbe ed. Ah horizontal force to 10° Ib was applied at levels" of about 22 to 
28 in. above the surface « of the soil i in ‘the box. Deformations of the embedded a 
of the pile were measured, and the zero point was located at about 


geven- tenths the depth embedment. Fig. 30 represents the horizontal dis- 


"placements « of the pile at ‘the level of the ground u under the repeated action — 
a a force gradually increasing from zero to about 6.6 Ib and decreasing to 


zero again. Displacements ¢ consisted of both an irreversible and an elastic 


part; but after a certain number of loading and unloading ‘cycles’ there wa 


2 lastic action only. (Note the heavy lines in in Fig. 3 30. ) 
ates 


Lateral Pile Action and Loading Tests -Interrelated. —Mr. Feagin stat 
that “frequent 1 repetition of lateral loads” results in slightly greater lateral 
é ‘movement than a ‘sustained load of the same magnitude.” This is because a afte i 
4 repetition of load application tends to eliminate 
Transactions, Am. Soc. C. E., Vol. 98 (1933), pp. 271-278. 


8 Proceedings, International Conference on Soil Mechanics (1936), Vol. 1, Paper a H-1 : 
La Technique des Travaue, No. 8, p. 505 (1928). 


“Ueber den Erdwiderstand der Vol. 16 
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sand layer, 3 in. in diameter about 
in. n. thick, was to compression, using loads ranging from 16 to 
65 Ib per in. . applied to a metallic piston acting at the sand surface. 


oa A and B, Fig. 31, Pgpaisic vila to the total settlement of the sample 


of (1 Cycle =A Loading and An Untoading) 


bea In “ia with Fig. 30 it should be stated that each pair of curves — 


ae _ corresponding to a loading and unloading eycle, i is analogous to a hysteresis 
in loading experiments. Order numbers of loading and | unloading eycles 


icated by the numbers in circles in Fig. 30. After a certain number 
Pe such ‘cycles (thirty in Fig. 30) the hysteresis loops. become closed, which 
“means that the earth mass has attained perfect elasticity under the action 
a given stress. This elasticity: i is not ‘the same, however, as. that required 
y Hooke’ s law, since ‘displacements are not proportional to the stresses. tis” 
ie also remarkable that this: state of elasticity may be destroyed as soon as a 
stress” greater than that used ii: n compression is applied (see Fig. 
Testing’ of Piles by Lateral Pull. —If instead of ‘a confined sand 
o sample (Fig. 81) a plate i is placed at the ground surface and loaded repeatedly, 2 
the results would be ‘practically the | same™. a pile i is subjected to repeated 
vertical loading, an analogous: action occurs. Using this: property, Lazarus 
White, Am. Soc. C. E. , developed -called “pre- -test” method of foun- 
dation construction applied principally to piles”, is well known that the 
SRE % Proceedings, International Conference on Soil Mechanics (1936), Vol. II, pp. 22-23. 
by. BE. A. Prentis and Lazarus White, M. Am. Soc. c. p. 
Loc. cit, p. 113, Fig. 


Fig. | f a pile acted upon by a horizontal 
is a special case of the loading of an earth mass; hence 0g1 and 
iii son plat aced a 
be sought. between such an action and the action of a loaded pl sia 
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of an earth road that is reasonably mc moist becomes elastic 
and this surface is easily destroyed | should a few heavy loads” pass over the ae 


| road. All: kinds of ‘pavements are “automatically ‘pre- tested” by traffic. 


Assembling all the foregoing facts, it may be stated that practically every 

earth structure, except perhaps the ease of saturated plastic soils, can be 
“pre-tested” within the meaning | of the term introduced by Mr. White. This 
suggests that irreversible deflections of piles subjected t to lateral forces could aa + > 


be also eliminated by duly “pre- testing” them during construction. How this aes Ss 
“pret testing” could be done—pile by pile, or otherwise—and whether such a 


"method i is economically feasible are questions to be decided for each individual + 


Theory 0 of f the Z Z ero Powt. —Fig. 82 represents a hypothetical. w weightless 
“pile loaded at its top with a horizontal force, he If there is no zero point, eg i. 
the pile would deflect as ‘shown in Fig. 82(a). The resultant of earth reac- 

tion, P,, would form an unbalanced couple with the acting force, Po ‘and 
this is incompatible with conditions of equilibrium Hence the existence of 


a zero ‘point is a mechanical necessity, ‘the acting force, Po, and ‘the eee ‘ + 1 


oe P,, of the earth at the bottom part of the pile being _ balanced by the 
reaction, P, o + Pi, at the upper part (Fig. 32(b)) . A most comprehensive 
mathematical theory concerning the location of the zero point has” ben 

advanced by K. . Hayaschi® “ in describing the behavior of a beam on a ‘continu- a 
ous elastic support. _ The Russian Professor LP Prokofiev thas advanced ee 
simplified theory of the zero point™. The existence of the zero point was also ac, 
proved mathematically by oir . The zero-point theory has been dis- 
cussed by C. C. Williams", M. Am. Soc. C. E. Mr. Raes* advanced a mathe- 
matical theory of the zero pivot”), including the case of two 
with, heads embedded in a concrete monolith. Mr. Raes comes to the conclu-- 

Sion | that in the latter ease one of the two piles is pulled, and the other pushed, - 

and that the ‘ “pivot” exists in all cases, 
es = In the experiments by Mr. _Feagin ‘there is no direct indication as to 


er | "whether or not there is a “pivot? in the case of piles. with embedded heads. 

ch ‘The elastic line in this case may be visualized either according to Fig. 

on or Fig. 82(d). In the former case there are vertical tangents at aealy 


ed § and M’, and the elastic Tine i in the latter case has been drawn quite e arbitrarily ; 
is only to show that, in the opinion of the writer, there is a zero ‘point: located ee 
rather. high. ‘Mr. Feagin testifies that between the pile ‘and the ¢ ‘eoncrete 
il (Point M’) there was was “a crack in which the blade of a pocket mife could a a 
nd inserted”. Hence, it i is doubtful whether the tangent to the elastic 


Ser 


Point M’ was vertical. On the other hand, in Fig. 32(c), the line, NM’, is 


ted longer than the line, NM; and neglecting the deformations of the pile, on Se a 
rus may conclude that the pile should be pulled out at Point | N, which contra- ee 
un- dicts 1 the assumption | of ideal embedment at that point. . The writer believes" aga 4 


m 
une fi that only in the case ot feebly rigid piles the asgumption of Fig. | 32(c) “may he: 


=f © “Theorie des Balkens auf elastischer Unterlage’”’, Berlin, 1921, p. 228 et seq. Ee 
““Theory of Structures”, Pt. II, p. 232 et seq (printed in Russian in 


“ Design of Masonry Structures and Foundations", Second Edition, +1980, 
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Discussions 


toa satisfactory working theory. le > a general case, however, the 


the zero point, (Fig. 32(d)). Mr. Feagin states : “It w was ‘that a car- 


paren s rule could be inserted to a depth of 6 ft in the space between the pile 

and the adjacent foundation sand on 1 the side of the hole nearest the eal 

rule reached Point Z, as shown in Fig 82(d). 


Extension of the Experiments Suggested— —The experiments 


~ ‘Mr. Feagin should be extended somewhat further: ‘First, it seems boca | 
vestigate whether or not the “pre- test” method as applied | to piles | 
deflected laterally can decrease the lateral movement of locks ; and, second, 
shape of the elastic line of such piles” should be more closely. 


smaller pile models into uniform natural clay may 
ore, 


to ‘to study the characteristics of batter piles. allt; 


Additional Remarks Irreversible Earth Deformations. 
observation by Mr. Feagin is to be emphasized: pile loaded horizontally 


athe 


oe never returns to its original position upon removal of the load. ~ Actually, 
: a even a perfectly elastic pile i is restrained from r returning to its initial position | 


owing to irreversible deformations of the e earth This fact may cause 
serious secondary stresses in a framework, ‘such as a wooden bridge. 7 


Action of Forces” at a Lock.—If there ‘were no piles, horizontal stresses 
_ due to the difference of levels i in both the upper and the lower pool (Fig. 3(a)) 
would: develop under ‘the structure. The piles driven into the ground form, 
with the soil, a mass of reinforced earth” and it is very probable that the 
horizontal stresses referred to, are taken up by that ‘mass which works as a 


whole. graphic method of computing these horizontal stresses has been 
Assuming the under the 


he ‘structure down stream, ‘be “approximately: (0.5 (80 
= 118 Tb the structure and ‘per lin ft of the 
ands. The values 


state that an additional. force the lock down stream “may exist and 
that this force is due to difference of water levels in the 

~ Conclusion —As a rule, the closer a soil model is to a full-sized structure, 

the more trustworthy are the results. In this respect Mr. Feagin’ ’s experiments 


with large ‘models are ‘unusually interesting. To increase the v value of the 
experiments, ‘seems necessary to extend their Scope somewhat, but even in 


ey 4 their present form, , Mr. Feagin’s experiments are an important contribution 
to the field of soil mechanics and a valuable source of- information for both 


— 


the practical engineer and the theoretical worker in that field. i ae 


Am, Soc. C. E., 1086, p. 582, Fig. 1 
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Discussion 


Messrs. GEORGE GE E. LARGE AND SAMUEL CARPENTER, AND 


the series of tests is on wind- models described i in this paper. “Although 


writers cannot agree that all the conclusions of the ‘study have 


7 
modern wind- bent design, they believe this paper may 


used, as in Fig. 21, to the ‘authors’ “experimental results. . The regu 


larity of the model framing will throw the -contraflexure points at mid-story 


of the columns, as assumed i in checking, except 3 in a few r of the lower ' stories = 
where, because of the fixed column bases, the points. of contraflexure will be 
_ above the half-story level, and, in some cases, “absent entirely. _ Nevertheless, — 


“them ratio of girder shears across a floor will be substantially the same through- 
all ‘stories, as will be the ratio of column reactions, Ri, which is is the. crux 


5 To vertical of girder ends to floor- 


o face of columns, an 


Nore.—The paper by Francis P. Witmer, M. Am. Soc. E., and Harry H. Bonner, 
i Esq., was published in January, 1936, Proceedings. Discussion on "this paper has appeared > 
in Proceedings, as follows : April, 1936, by Messrs. L. C. Maugh, L. J. Mensch, and re 
ogg and August, 1936, by Fang-Yin Tsai, Assoc. M. Am. Soc. C. E. oi - 
Research Assoc. , Prof., Experiment: The 


Instructor Civ. Eng., , Swarthmore Coll., ‘Swarthmore, Pa. 
Received by the Secretary July 23, 1936. 


18 “Wind Bracing of Steel Buildings,’ Second Progress. Rept. of Sub- Committee No. 31, 
on Steel of Division, Discussion by H. V. Spurr, M. Am. Soc: 
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ENTER ON L BUILDING FRAMES 


In computing the stiffness, — f he 


section. For a 4-in. span i it is 


4 


their use has theoretical foundation and, ordinarily, gave results nearer to 
values both « on authors’ models and on those studied by 


Columns and (3), Table 3, show a comparison of the principal experi- 


mental and calculated results. upper group of three cases check very 
‘TABLE 3.—COMPARISON OF EXPERIMENTAL AND Computep ‘Resutts 
> 


ex COLUMN REACTION Founp, In PERC Customary 


“Girder 
CoLuMN 
by moment | Remarks ‘= (girders) 


75 
Integral connections, 55 stories.||__ 


or CoLuMNs. Assumptions AS TO -sti 
) 


ALP 


girder proportions. . 
Questionable cantilever perform- 


Extreme girder proportions... . 


Serious 


occur in the next ‘group of four cases. Some extreme cases 0 
panel- to-panel girder proportioning exist i in this group, and very 


girders then used, causing experimental error. It is the writers’ - experience 
ee that one cannot make a theoretically. ‘rigid connection, as as assumed in the 
calculation methods, except by developing tremendous frictional forces or 
by making an integral connection. Perhaps the authors, thinking of practical 
wind connections, did not desire “complete rigidity. Nevertheless, the ee 


tions are variables which obscure the picture of girder performance. 


ae, The principal comments which the writers wish to make are as follows: 


In constructing ‘models o f tall building bents, stiffness “of the 


aystem relative to the system must be reproduced faithfully, 

“Tests and of Steel Wind Bents for Tall Buildings,” by George E. Large, 
- Assoc. M. Am. Soc. C. Samuel T. Carpenter, Jun. Am. Soc. C. BD. and Clyde T. Morris, 
Am. Soc. C. E., No. 98, Station, Ohio State 
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LARGE AND CARI CARPENTER ON 1 


ice their ratio has. slain effect upon the distribution of ree: “ta 
a column reactions across a bent. wie. Mid 


. ( b) The ‘model ‘columns i in the authors’ tests were so flexible relative to ‘the es 
“model ‘girders that most of the models did not represent practical wind bents. 

The aga therefore, were not sound bases 1 for 


4 
= 173 


= 


Column nn Stffeners 


2.5 


 Girder 
on 228 


) CASE C2 > 


3.7 74% 
sabove 


+1 


+ 20%, Cantilever = + 25%, Ohio State Univer. 
sity Model + 28% Gre 


q 

~ 
the be made between wind bents upon the asis of 
ally, lenderness. Design methods and assumptions which are good -enough for 
arg, 20-story bents can be actually dangerous — 


5 i LARGE AND CARPENTER oN TALL BUILDING FRAMES — 


Pot comparison” of. several methods of 


‘shears and d column “chord pulls”, with economy in view, one must. contemplate 
5 designs having the same calculated total lateral deflection, including that due a 
il (e) Girder systems selected for strength only, without regard for stiffness, a: 
permit too much flexibility jn a modern slender tower. 
is submitted in support of Item (a). The ‘moment distribution 
“solution sh shown in Fig. 21(a) verifies the portal performance of Model 0-2, 
as given in Table 3. ~ When the columns: were » made eleven times as stiff, as in a= 
‘Fig. -21(b), the mode dimensions conformed with the lower story the 

- stiffness r tio vary. This dividing the 

e me by of 


r 

ary 

4 _——=— Portal Elastic Design 

Column and Girder Bending Plus d 

6 « 

t 


Indicates 


Ay 


4; 


sent; 2column Stiffnesses 


«38 “Wind Stresses and the Tall Building,” 
presented at the ae of the Philadelphi 


‘published 
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— 
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The 

— 

— 
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wrest in wind design. 

the design r se B-9 had appro in Model 

— fall outside Case B- lumns in 
, the authors’ ( of the co 
m Table 3, th ing the stiffness Am. Soc. C. 
From T increasing nter, Jun. 36. (Not 
— er, upon in Samuel T. Carpe April 15, 19 
. However, by Sam the Society, April 15 


= 


ay a roximately. 


&§ the height or 0.002 


a 
on account the increased 


five times, it with the lower 


stiffness “ratio” is 3. 16, 


lever performance. It is designated as Case 5 


‘size of the inside columns of the practical designs “prevents | perfect checks. ) es. 

Similarly, by increasing the columns of (po rtal) Case B-9 eight times, 

cantilever of the 20- “story cantilever d design can be verified 
have considerable to do with 


design, i in which the 


23 is ‘summary of “the 


7 


1 


Senter, 1936 LARGE ON 


TALL BUILDING | 


B-9 in Table 3. 


canti- 


design of of Several bents varying 


(The e increased 


The spans taken were they are generally con- 


= ase od 


sidered to the portal 


portal designs were made for 

each height. ~All the bents rep- 
curves were designed to have 
total deflection: at the top 


all bents of the same height 
except in the case the 
-story and the 50- story portal- 


designed bents, in which extra 
column area had to be provided 


7 
~ 

column selections were the same 
6 


“wind ’, carried entirely by 


This extra was consid- 
chargeable to girder 
system, for fair comparison 


the cantilever design. 


— Girder Steel i in Tons ‘per Lower Floor (or Story) 


economic advantage of the 


method for shallow 
connection bents higher 


twenty- five s stories. . It is also oan 


oint of avoiding column chord 
deformation accumulation. 


These were designed 


Ratio of Bents 


0.00031 


Increase | 


0.00375h Deflection 


~ Designs for Strength Only 


ra 


4 
‘Sat: 


i 
| 
f 
re 
deflection which ~ was due to 


late 
columns - “was eal 


de 


x, lo 

full height of the bent; ; E, the « elastic modulus ; and B, the 

of the bent. The chord deflection was deducted from 0.002 h to find how 

Tene deflection ¥ was to be contributed | by the bending of ' girders and columns, [ Lit 

were selected on basis of required “moment of by 

Ig= 

‘in which V is the assigned girder shear; b- is the half-length of the girder; at : 

@ equals: the remaining deflection assignable girders, divided by 

The point | to be emphasized is that the chord of the p portal 

: design was greater than that of the corresponding cantilever design, which | By 

_-meant th ‘that the girders designed by the portal method had to have smaller 
angular deformations, 6, at their ends if the bents were to have the same total [J 


deflection, : and had to be stiffer « and d (usually) heavier than the girders d designed a 
cantilever method, as shown in Fig. 23. The small numerals 


The two straight lines near the bottom of the graph show girders selected 
the basis of section modulus solely to meet allowable stress, without 


regard for st stiffness as defined by “moment of inertia, As seen in Figs. 2 x 
and 28 such a 50- -story portal girder design has about one-half the weight, but 4 
almost twice the deflection, of corresponding cantilever el elastic design. 
What priced wind- bracing will | you have? 
In its 1933 report”, the Wind- Bracing Sub- Committee, Committee ¢ on Steel 
of the Structural Divisian.. of the Society, recognized that limiting the design 
deflection to 0.002 h has produced satisfactory results” in very slender towers, 
and that fully twice that value may be allowable in less extreme 
bents. ‘This is is rather evident from. ‘Fig. 23 if one bents of heights 


ae has been f found by am moment- distribution ¢ check that the 50-story portal ; 
tions due to the 


tren gth only reversed interior column 
elast ie requirements in ‘designing. On this 4 account the chord 


ty i Bor derivation of Equations (39) and (40) see Bulletin No. 93, Eng. ————f 
hp 2 “Wind Bracing in Steel Buildings,” Third ‘Progress Rept. of Sub-Committee No. 3 
Pe Committee on ‘Bteel of the Structural Division on Wind-Bracing for Steel Buildings, Pro- 
feedings, Am. Soc. C. E., December, 1933, p. 1614. 
The Ohio State University experimental bent was designed : 
deflection in order to facilitate the detection of ae rotations (@). 
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‘deflection a this s bent had to be em by a more general ivi than 
Equation (39), and found to be 0.00185 h, which is greater than 
the portal elastic design hte it was 0.00163 h. In order to have the bent i 

under consideration deflect only 0.002 h for fair comparison with the elastic 


designe, the girder | contribution would have to be reduced to about 0.00009 : 


Ni “Allowable values for deflection ‘should | be in 
stress in order to” insure against the application of | of -story methods 
story towers. D Deflection data from “authors? ‘models would be 


enlightening. 


W. FiscHer,” Esq. “(by letter).™ *—A considerable mass of experimental 
data. as to the values of the vertical reactions of the columns at the first — mine 
af three- -bay structures with ¢ equal vertical heights, is presented in this paper, 
and the authors’ results seem to agree very. well with those obtained Ef 
mathematical analysis. Additional | experiments should be made, however, 
: - determine the ratio of the vertical reactions at other stories (especially at the 
top” story) before a 1 general conclusion can be made. The authors’ state that ae 
fx bays (all columns being o of the same size), the e cantilever relation ¢ can 
be obtained by making the moment ips inertia of ‘the center girder approxi- 
— mately twice e that of the side girders, o 
center girders was about one and one-third ‘times that of the side girders, — . 
gero reaction would result for interior columns and would thus with the 


The writer applied he slope deflection method to a two- -story 

a with: sizes of girders and columns: as given for the authors’ Case A-1 and with — 


a horizontal unit load of 1 hos at the top of ‘story. 


with the reported i in the paper. more s had ‘been used the 


“results would be changed somewhat, but still’ the value of —R, would have an 
posite sign from For the second story, (= 21 per 
writer also applied the slope deflection method to a two- -story str struc- 


ture with the sizes of girders and columns as given for Case A- “VT and with a em 


horizontal v unit load of 1 Ib applied at the top of the second story. For the § 


first story, Ry =+ 0. 14985 Ib, and 0.43935 Tb, which makes Ri 
the first story equal to + 293 per cent. This result does ‘not agree ‘so well” 


es with that of the paper. If more stories had been used, no . doubt the results 


would change somewhat, but still the values of fR, and Ry would be of the yo 
‘sign, as the authors’ experiments show. For the second story, R = 243 


Cam, Sugar Co., Philadelphia, Pa. 
Received by the il, 19386. 
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FISCHER ON TALL BUILDING FRAMES STUDIED | By MopEis Discussions 
With the | so- exact methods of analysis ‘the ‘sizes of the he girders 


he methods are rather tedious for the design of a new 


aa In his analysis of a . three-sp: -span structure (equal spans) by relative duflec- 
Professor H. assumes that the ratio of the columns the ‘girders 


is 1.5, the story height being equal to 1.0 and the span length t to—. | For. a 


new design, three wide and equal story heights, Professor Yu’s 
ie method is very flexible because, ‘aus the span and story height | given, the litte I 
a ah. of the moment of inertia of the columns to that of the girders (the moment of 
inertia is the same for the columns in each story, but for different stories it 
will be different) can be selected — so as to fit approximately the relation — 

assumed by Professor. Yu in deriving his ; general equations. This assumed 

_Telation cannot be to exactly, but if the sizes of the girders: at each 

— floor are eee gradually from the top of the structure to the bottom, the F 
final results will” agree very closely with of the results obtained | by 


A- -1 of the paper agrees with the conditions assumed 
by Professor r Yu. If the moment of inertia | of tl the girders were 1.25 times that | 
of the: olumns, the size of members, the story heights, and the | span 1 lengths a 

ill agree with these assumed conditions, 

Applying the’ general | equations introduced d by Professor Yu to the fifth 


story of a 19- “story structure of three equal hays with a a “unit horizontal load 


R, is to 2.945 lb makes Ri the fifth story to 
10. and this agrees: very with 1 the as 


with the ‘experimental as given for 


hat 23 “Wind Stresses in Tall Buildings in Stresses in Statically Indeterminate Structures”, oe 
by Ya, uhan Univ., Wuchang, Hupeh, ‘Second Rdition, 70 
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ADMINISTRATIVE CONTROL OF 


PHYSICAL AND LEGAL ASPECTS 


R. SAVAGE, Assoc. Soc. C. E. 


RE. Savage”, ‘Assoc. M. Am. Soc . E. (by letter) “—A 
£ a new and important subject is presented i in this paper. yin Mr. Conkling ha 
handled the legal background of water legislation and Court decisions in an 
manner. The pi paper points out some of the implications of public. control 
of ground- water, assuming that such control will be exercised | by the States i. 


a wise and inclusive manner, in n places where there is an economic ¢ justification — 


‘extreme variation in topographical, geological, ‘and climatic conditions 


in the United States present a wide basis for the application of remedial legis- 
and governmental control of ground-water. In addition, there is the 
differing laws, customs, and application of laws by Civil Courts, resulting in 
4 the building up of a complicated _ structure. - The author has emphasized 
4 all these phases and | has shown the need for future c control of underground 
water through the growing use of it for beneficial purposes. 
increase population ‘the decreasing water supplies have 
= ought the need of conservation of water to the fore. There is an ever-increa: 
a g demand for r large supplies of water of relatively high standards of quality 
vf for industrial purposes in the centers of population in n the United States. Large 
_ metropolitan areas have striven heroically to meet this demand by the construc- 


tion of aqueduets bearing the supplies | of mountain water- sheds a a great distance. s 

It 

ened. discussion of the dimatic eycles and their relation to the ‘quantity 
 run- off water available for ‘storage, irrigation, and domestic: > use, and the 


studies presented have been of absorbing interest. ‘There. is an increasing 


efficiency and excellence in the design of pumping machinery and motor- -power 
: = —The paper by Harold Conkling, M. Am. Soc. C. E., was published in April, 
1986, Proceedings. Discussion on this paper has appeared in Proceedings, as follows: ie 
x August, 1936, ~ Messrs. Joseph Jacobs, and Ww. D. Faucette and J. 
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writer has been greatly impressed by the regulation, law, 
oft the loss of wells i in to harmful encroachment from ‘salt water 


waste from virgin artesian ‘supplies due to careless and destructive tnethods. 


of ground- water by public authority. After reading the paper, one is more than 
impressed with | the need of distinct legislation for the» various paaees of water- 


supp 
Any student f ground-water resources realizes the necessity of collecting 


nformation concerning the geologic nature, the history, yield of 
sos the private development of ground- water much of this information 


al ‘public « control of ground- of the diversity of the legal 
treatment * of property relations in the ownership of water in the various | 
States and political subdivisions. Mr. Conkling has’ clarified this phase 
f the situatior n. As stated under the heading, “Conclusion”, it is incompre-— 
ie hensible that the ‘control should be taken from the State, due to complex and 


= xtensive legal framework that has been ¢ constructed in the past as @ means of 
controlling the surface waters. 


There is no doubt that much benefit would result from the , co-ordinated control 
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EARTH SHOCK 


CR RUGE, , AND 


have been complacently designing “quake-pr proof” structures by the satical 

2 method will find much to disturb their peace of mind in Professor Williams’ ae 
excellent: ‘paper. The e importance of considering the ‘dynamics of structures 

is made clear, and the author has experimentally demonstrated the validity 

of theoretical analyses i in a manner that should satisfy, the 1 most skeptical. ° 

oa The author’s attitude toward interpreting the results obtained from ol Re 
- ments in simple harmonic motion is well taken. To carry the interpretation 
beyond | the first one or two cycles of the assumed simple motion 
of is ‘meaningless from ‘the engineering standpoint and, as the results show, is 


“unnecessary in the « case of elevated water tanks.’ writer was led to sub. 
‘stantially the same conclusions that Professor Williams has stated by means: 


of experiments of quite a different character, i in which ‘the water motion 
aie” 


There i is only one statement in ‘the paper (see “ ‘Conclusions”) which seems 


the writer to be open to question 7 “The results of the investigation 


further ‘emphasize the "desirability. designing a structure with period 


Unintentionally, this statement is misleading because there is no 
single period or narrow range of periods to be expected in an earthquake, a 


and because the "practical ‘problems of. avoiding eve even the known earth 


quake periods ar are quite difficult i in tl the case of tall tank ‘structures. 


eee If, for the sake of argument, one ‘assumes that there exists in an ont 
quake a motion having the simple f form expressed by Equation (1), which 


- the ne tate G, is 1 in. and the period, Ba * , is 1.45 sec (exactly in reso 


= j NOTE. —The paper by Harry A. Williams, Assoc. M. Am. Soc. C. E., was published :% 


_ May, 1936, , Proceedings. This discussion is printed in Proceedings in order that the a 


-_— expressed may be brought before all members for further discussion of the paper. 


Research Assoc. in Seismolo: Dept. of Civ. a 
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ON EARTH SHOCK DISTORTIONS IN STRUCTURES Discussions 


“it is decided to strengthen this structure in order to destroy the « condition 


of re resonance. 


tution | —Free Period = 1.45 Sec 

(Stiffened Structure) 


‘ 


Maximum Acceleration 


(b) GROUND MOTION 


‘Fig. 8 shows the of the stiffened structure as. compared with | 
the curve for the original structure » in Fig. 7 (shown dotted in Fig. 8) . It is 

- seen” that critical stresses are still reached during the first cycle of the ground | 
motion. Hence, although the stiffening has limited the deflections, it has 
prevented overstressing of the structure. Once the elastic limit has been 


exceeded, the subsequent behavior of the structure is largely of 


suppose e the earthquake motion contains, somewhere in it, one wave 


in. amplitude cae of Salida’ are re entirely p possible). Doubling the 
tower stiffness would then have absolutely no beneficial "effect and, even if 


the stiffness of the original structure ‘were to be quadrupled, critical stresses 


since the: wave e periods ‘and amplitudes. cannot “possibly be pre- 


dicted advance for an actual ake, it clearly depends purely upon 


chance whether a "moderate amount of will increase or decrease 
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> of the strong ‘probability of one side of the tower failing before the a 


by the. U. Coast 
known earthquake periods by moderate strengthening of structures in the 
60000 to 100 000-gal class. _ These excellent data should be of inestimable 
value in analyzing failures in future 
aie author rightly points out that consideration of the behavior of elevated — 
to ‘explain many of the near- failures in ‘the Long Beach, ‘Calif., earthquake. 
In this ‘phase of the problem _ chance again enters to a great extent. — Even 
given some simple analytical method of attack mend little justification 


for applying mathematical analysis very far beyond the yield point because __ 


_ side, v which means almost certain collapse of the structure if the strong earth , 

- The Long Beach earthquake ‘was indeed violent, but the most violent part _ 

was over in a few seconds. W hat might have happened to the ‘many near- 


failures: had there been a few more seconds of strong shaking < can only be 


conjectured. ‘There’ is reason to believe that the strong-motion phase of the 

San Francisco earthquake of 1906 was longer duration than that of 


M Eso. “(by letter’ ™_The Long Beach, Calif., , earthquake 


of March 10, 1933, stimulated interest in the behavior of structures of various 


Kinds. Elevated tank towers were adversely affected i in many cases (although 


only three collapsed), ‘and considerable attention has been focused on this 
particular type of structure. a Due to the symmetry and structural simplicity a. 
of design, these towers lend themselves to model experiments and to: theoretical 
attempts to explain w what happened as well as to the determination of what the ae, 
aM, ‘There has been a . tendency or on the part of those interested in shaking-table ee 
experiments and so- -called “dynamic design” to consider the behavior of these | 
3 
structures as somewhat of a mystery, requiring complicated model study and 


theoreti ] experimentation n. The writer had intimate contact with the 


investigation, re-bracing, and repair of perhaps one hundred of such struc- 

tures and also of a number of new towers. It is his belief: d) That there is no brag i q 
Perticular mystery i involved ; (2) that a reasonable explanation of the dam- 
age can be made; ; and (3) that design’ to give “assured safety against earth- 

quakes is neither difficult nor economically impossible. Furthermore, no 

radical change in. the proportions of towers, method of erbition 

Procedure, or past methods of design are necessary even ‘if design in the past 
been based ot on a static method of analysis. At present, there is no definite 


uncertainties the s s0- >-called dynamic. method. static of 
damaged towers shows: that. they should have failed where failure occurred. 
Soc. of America, January, 1936. 
2. Engr., Board of Fire Underwriters Pacific, San Francisco, Calif. 
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Com 


action of of a “magnitude was never to. The 
— does not mean to infer that all tall towers of standardized design w were ened 
or fatally damaged. Considering that they were braced for wind loads only, 
— behavior was ‘surprisingly good, not such to "warrant 
rey “idea t that the entire conception of their design is faulty for earthquake resis- 
tance. They : are the result of long years of development and, contrary to some 
expressed opinions, are skilfully detailed and proportioned not to econo- 
but also to utilize the metal involved to its fullest extent. 
“int of Following the Long Beach shock of March 10, 1933, i aera, inspected 


in detail a nee number of tank towers » some i in the | Long Beach cao 


‘ as done purposely as it was considered desirable 
the tower be somewhat How this idea originated the writer was 

smi some cases the towers were considerably out of line. 


“having good initial tension would these effects and “would 


give a better chance for the e structure to develop its strength effectively. ic 
In the ‘past most tanks have been with ‘spherical 


above the column- to-tank connection. ‘Under lateral movement the ; 
tank would tend to rotate in a vertical plane about the top of the tower.. W ith 
| a ‘wave action developed in the > tank appreciable s stresses could be developed in 4 
the t tower and bracing. - With loose rods this tendency to rotate on top of the 
tower might add additional impact. Tanks with ellipsoidal bottoms have 
his defect in a less degree, and the writer believes their more ‘general v use 
n earthquake zones would be desirable. Sie 
In regard to tank design and behavior a number of problems may be dis- 
used. Consider | three tanks, each with a capacity of 100 000 gal - Let one <— 
be 75 ft in . diameter and 8 ft high, w vith a flat” bottom (see Fig. 9(a)). ie 
cou uld probably be shaken indefinitely without any appreciable lateral oe 
due to weight of water being developed. — Friction beetween tank and water 
would be small. . No appreciable wave action could develop. It would be much 
like a popeorn shaker. — Consider another tank 12 ft in diameter and 132 ft 


(see Fig. Under the entire mass of water, 


‘The center of ‘the mase ‘the tank and water r is, therefore, a 


or 
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h h loose, the rods would pick up their loads with a jerk. The tank 
that, where loose, the h i ict. Furthermore ae 
surge around on the tower, with possible heavy impact. Furthermore, 
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— see Fig. ¥(0)). dai 
action of this tank would probably be intermediate. _ A certain prc se; 
water would probably move with the tank, and 


develop. A : strictly analysis” of one of these to resist 
earthquake. is probably impossible, being complicated problem 
action combined with various inertia effects, all produced by a chaotic earth | 
motion: impossible, as yet, to forecast. Perhaps Nature’s shaking- table  experi- 

_ ments on full-sized structures are the best guide. Actual disaster experience 2 


"where properly pean. is a fairly good foundation for basing future pra sae 


(@) 75 FT IN DIAMETER (b) STANDARD FTIN DIAMETER 


Proponents of dynamic design have laid 
natural period of structures, generally assuming that there are certain danger- 
and predominate natural ground periods’ which should be avoided. 
period of from | 1 sec to 1. 5 sec has often been, considered to be particularly ‘< bs 
dangerous a and one to be avoided. As far as the writer can. discover there is an 
To certain basis for this belief. it is not concurred in by all outstanding 


_seismologists, Periods from a fraction of a second to ‘seve 
: 


d 
: Bec of 10% of her weight was undamaged in the shock of March 10, 1933. a ae 
e_metho of analveia wae with the later iii 
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both the Beach and 1d Helena (Mont.) shocks 

= had natural periods of only a fraction of a second "7 would appear that the 

range of natural periods of structures is such that it is nearly to 

is probable that the ‘combination of. tank” and water has no set. 

period of vibration. he movement of the water in the tank probabl has a 

tendency to break up up the natural period of the tank and water as ‘measured — 


under t the slight ‘movement produced by moderate wind pressure. — It is also 


77 proved fact, and one consistent with structural | design, that as a structure 
is damaged or loosened in an earthquake its natural period changes. Few 
structures are put together so that some loosening might not occur in a 


_ severe earthquake even if the resulting damage w: was minor. ‘3 Any change in 
structure re’s natural period an have tendency to to 


_ ‘The design of a tank tower to sein an earthquake is essentially the same 
as the design of a dam. The tank is alternately moved into and away from 
a fluid mass of water. _ What part of the water is actually moved is problem- 
= In the tank also wave action is a | complicating factor. It might be 
good practice to omit the roofs from these tanks and let the water. splash 
in an earthquake. Such ‘splashing: might act a as a safety valve. | 
Mr Williams makes several statements which deserve comment. ey 
the end of thet part of | entitled “Theoretical Behavior of an 
Elevated Water Tank’ > he states: It is quite possible ‘that many of the 


failures took place very soon after the start of. the major shock * ain 


The writer believes strongly that s such action was quite improbable and not 
nsistent with the failure of steel tension members. Although a a steel 


might be crystallized and ad snap suddenly, i in most instances such would not be the 
se. Stretching takes place first and it takes an appreciable time ‘to jerk 


the rods apart. It altogether probable that the breakage occurred at 


chi about: the close of the heavy shaking and that the cessation of the shock was 
at all that saved many towers from collapse. _ The three towers which collapsed 


= 

a, iar were probably those i in which breakage occurred early in the shock. The fact 

that the towers stood after extensive rod_ breakage speaks well for the 
ss strength and rigidity of the-. column- to-tank shell connection. The idea that 
i rods broke generally at the start of the shock seems to ‘the writer “so incon- 
me sistent with a 1 knowledge o of usual steel failure and | earthquake motion, that it 
=. difficult for him to understand how it was “ever proposed, satel as an 


: attempt dynamic action. If all the 


to stretch? ‘Under the heading “Conclusions”, Mr. Williams states: 
eo “The results of the investigation further emphasize the desirability of design- 
ae rags structure with a 1 period different from that of an expected earthquake.” 


will be released, how the varying types of sol in a district 
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Septem bs pistortiONs IN STRUCTURES | 
will respond ? Who will guarantee that the period of the grand motion will be 
0.2 sec, on 1.5 sec? will ‘guarantee what. time of year r the shock 
occur al and whether the soil i in a district is saturated and lubricated from m long - 
‘rains, or r well drained after a long dry period? It seems to the writer i 
‘that when some one can foretell what type the expected earthquake will be oe £ i a 
assured earthquake pi prediction will be achieved. Some ‘competent seismologists 
doubt whether such exact prediction will ever be possible. It certainly is 
of the of periods of vibration of structures 
are of “no practical value whatever u unless closely correlated with t the known | 


features of structural design. There has been ample disaster 
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FLOOD PROTECTION DATA 


PROGRESS S REPORT OF THE COMMITTEE | 


By C. Hoyt, AND C. S. JARVIS ba 


C. Horr; ‘M. Am. § 0. E. . (by letter). —Technical studies may be 
8; ‘directed along two lines : (1) The | collection. of physical and other | data; and 
rege (2) analyses and discussio ons based | on these data. It has been noted that con- 
Me sulting engineers, planners, and promoters of various kinds appear to be more 
ean in the second line than in the first. It is also noted that the a1 amount > 
of work in connection with the s second line usually decreases as the basic data 


‘increase. At present, much m more attention is being given to technical studies | 


indicated by the report ‘of the ‘Committee and by statements of ‘g0- called 


_ Considering the many years that have passed and the many years that are 

to come, comparatively little information is available in regard to natural 


‘i phenomena, and, as a result, it has. been impossible to predict any future 
eceurrence with certainty. is ‘especially true in regard ‘to floods as 


toa ae ‘In 1881, the maximum flood discharge of the Sacramento River was al 
mated at 100000 cu ft per sec. ‘The report of the Commissioners of 


* 
Works of California for 1905, contains ns what is generally known as the 


br eport”, n 1904 bs a be f ti a 
a ney repor prepare y oar or engineers consisting 0 


_ T. G. Dabney, State Levee Engineer, the late Henry B. ‘Richard- 
: ae M. Am. Soe. C. E., | member of the Mississippi River Commission; ;M. A. 

Chief Engineer, State of ‘California, ‘Commissioner of Public Works; 
and the late H. Chittenden, Colonel, Corps of Engineers, U. Army, 
Soc. C. E. ‘This’ ‘report outlines a “project for the rectification of 
the Sacramento and San J oaquin Rivers and principal tributaries. 


8 of the ‘report states : “From, the ‘foregoing data, with the 
— alowane for the conditions described in the last paragraph, ‘it is believed | 
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at the Annual Meeting, New York, the report has appeared in Proceedings, as 936, by 
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that any scheme looking to the carrying of the run- off 0 


of 250 000 second-feet below, ‘the | outlet. Cache he slough.” 
The report on the Sacramento flood-control project, , revised -sub- 
_ mitted to the Reclamation Board by W. F. McClure, State Engineer ¢ of Cali- — 
fornia, in 1925, ‘States: (page 12): “The of and. 1909 a 


project has bee designed should be as al basis fon 
project’ and (page 18), during cycles of wet years, 


found in “Extract from Report No. 616, Control-of Floods 
the Mississippi and Sacramento Rivers—Supplemental Report on Flood Con-- 
“trol the Sacramento River”,” submitted Mr. F. Ourry, , of the 


4 


al 1040 sq miles, 56 600 cu ft per sec was eesitre as die 1000-yr flood. - = 


this estimate all existing data were used and interpreted i in the light. of ‘the 
best. judgment of the « engineers: in charge. During the floods of March, 1936, 


there were seven days” when the flow approximated 55000 cu ft per. se sec, 


Se The foregoing estimates were the best that could be : made from 1 the data tae ‘2 


available, and | no criticism can an be e directed to the engineers who ‘made them 


tion of the attempting ¢ to. use stitute for streamflow 


- Much money and effort are being expended i in working over and over old 


‘ ‘iat and as a result many generalized reports have been issued which, in nthe 
‘main, “do not arrive.” The fact that information on past natural phenomena fe 
is so meager is deplorable. In the interest of those who follow, more attention — 


given to insuring the collection of the ne 
re ‘gua. ©. E “(by letter )."*—The broad unde standing 


oe comprehensive, clear- -sighted views concerning flood data and related prob- 


by individual members and developed successive and con- 
Sultations with reference to subject- -matter and procedure in this field. The 


Committee had been appointed and delegated by the Society to assist: in 
guidance of investigations reported” by the Ss. Geological 
Fe: Naturally, | this work included such preliminary studies as reviews of the best- 


known methods of summarizing, plotting, and analyzing flood records cae 


To accompany H. R. Doc. No. 14 777, 64th Cong., 1st Session, 1916. 
“Hydr. Engr., Soil Conservation Service, Washington, D. 4 
Received by. the Secretary August 81,1986. 
{Floods in the United States—Magnitude and Frequency”, ‘Water Supply 
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Discussions 


Pe sina a: what — of data are the most t significant and representa- 
e; and the adoption of suitable forms for va various tabulations. as ; 


the of association on this work, the ‘member Ts of the 


entire staff engaged on the er aware of ‘the able leadership and 


ge earnest team-work maintained by the U. S. Geological Survey and the | Com- 
“ae mittee in both administrative and technical “matters, and in both advisory 


ay and supervisory capacities. ' This e3 experience has confirmed the writer’s s opinion 
; Le that the analysis and interpretation of available hydrologic data should be a 


continuing responsibility of ‘governmental agencies charged with the 
lection of such information, and, ‘particularly, this should be a prescribed 


- duty of those organizations best equipped for its authoritative rendering ins 


ae Determined « efforts to bring the most notable flood ‘records to date for 


Water Supply Paper 771 were ruthlessly offset by the e catastrophic floods of 


n a number of r river systems further of the disparity 


n brief o r fragmentary hydrologic records and the actual potentialities | 


In his e eagerness scoumulate records, the civil: engineer 


quencies | are re the 1 more and significant one step “removed 
basic records, , and attainable « only through competent analysis and interpre- 
tation. Notable p progress i in this: direction was achieved by the Boston = ord 


The resulting total r run- n-off formula, = = = OR, expressing peak 


‘4 modified by the coefficient , C, was associated with the idea of a fairly constant — 

base for hydrographs of storm run-off ; at a given. station, the peak varying 
with total run-off. The later development, extension, and application | of this 


concept by L. K. Sherman. and Merrill M. ‘Bernard, Members, Am. ‘Boe. C. 
rest ulting i in the method and 


intensities and cumulative depths for various units of time; (b) the ‘portions | 
oof ‘such precipitation likely to appear as run-off; and (c) the peak discharge - 
and the total flood volume for which provision should be made, , either i in chan- a 
“nels, detention basins, retarding features, storage reservoirs, or combination: 
of them. Successive steps along lines of accepted procedure will, readily define, 
thereafter, the flood “magnitudes likely to be equaled or exceeded given” 
a sriods, as 20, 50, or 100 yr. Some leaders in this fi field of investigation pre 
o deal with the average magnitudes of ‘expected ‘floods, thus adopting 
Kee som what higher discharges, corresponding to about twice the periodicities f 


With these from adequate data, it is often 
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— age basins, with but meager if any hydrologic a — 


the w riter had been led more severe flood flows than: were 
record in Central New York State, and had long be been | at a loss to 
the relatively low flood peaks there prevalent as compared with the gn lee 
and the New States. Subsequent to that investigation, 


, especia fyers 
By all” means, the ‘recommendations of the should be indorsed in 
and followed i in ‘detail, utilizing existing facilities and supplementing them “ta 


found necessary, and the same ‘members should be retained for active pee 


in advisory capacities in order to insure realization of their express d aims 


eal Survey, 256-2 263. Mio 


“New State Flood of July, Supply Paper E, U. Geologi- 


September, 1936 JARVIS ON FLOK DATA — 
e 
- — 
d 
— 


— 


i 


AMERICAN SOCIETY OF CIVIL ENGINEERS. 


get 


‘PRINCIPLES TO CONTROL GOVERNMENTAL 
‘EXPENDITURES FOR PUBLIC WORKS 


ND DIVISION 


Messrs. J. FINCH, ALBERT GIVAN, EDWARD HYATT, 


KROMER, A. Mort, AND S. POPE, AND 

Pixon” 0. E. (by letter) engineers, who h ave 


given thoughtful to. this subject, will question the ‘necessity of 
- establishing a reasonable program for the investment of public funds such 


‘the Commits 
‘The members" of the Committee apparently intended that the principles 
‘enunciated | in their ‘progress report should apply to public works policies and 


practice in general, although “they: have set v up these principles “to guide a 
ederal Public Works Program.” -day, of course, Fe ederal activities and 

“ies _ funds are the main element in de public works field and constitute. the chief 4 
activity of the construction industry. Under “normal conditions, 


sae however, Federal works account for only 10% of public construction. State ¢ 


5 


ie ‘expenditures average about 15% (mostly highways), counties and towns take, 


“perhaps, 25%, , but it it is the many municipalities, scattered all over the > country, J 
“normally spend at least one- -half ‘the n money y used annually for public 
works. Under normal conditions, the principal public prob- 


= is concerned with municipal rather than Federal activities. pe: Seta 


Nots.—The_ of the of the Engineering-Hconomics 


a Finance Division on Principles to Control Governmental Expenditures for Public Works, 
hh was presented at the Annual Meeting, New York, N. Y., January 15, 1936, and published 
Z be _ in February, 1936, Proceedings. Discussion on this report has appeared in Proceedings, 
Sem as follows: April, 1936, by Messrs. Edward W. Bush, Fred Lavis, and Horace H. Sears; ta, 
and August, 1936, by Messrs. Ivan C. Crawford, and Samuel B. Folk. 
_. 2 Renwick Prof. of Civ. Eng., and Director of Summer School of ina a Columbia — 
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‘Thus, the Committee’s a Federal Board of 


Review could be developed in a similar form for State works, it is difficult 
to visualize how it could be further extended to cover municipal aineaeae, 


‘Thousands of such boards: would be required, and anunicipali 


ia 


x 


= ‘municipal ‘councils, or or they may be dependent, 0 on n general 4 


Such a board cannot have any ‘final authority. Its p purpose must be primarily af 
to insure that proposed projects given adequate economic 


by. a competent group of unbiased “experts. 


of ‘course, Congress | ha 


de velop non- per the of its to the 


‘a of public officials and t to the « electorate. ‘In the end reliance nol 
be placed on informed public opinion. The Governinent Printing Office is 


a ‘morgue’ for thousands of ‘public documents and, _without 


- authority, and lacking any effective means of bringing its findings to public — 
~ attention, such a 2 board, even’ if limited to Federal and State works, would 
sly add new volumes to the existing collection of forgotten records. 


op roposal very. similar to that of, this Committee has recently been made by 
r. Hartley Grattan” who points the difficulties of “making such a 


nomic growth and the sensible investment of publie funds. 


Another 1 point in the: Committee’s progress report demands ‘comment. Th 


preparing th: this report, the ( Committee evidently had two major problems 


in ‘mind, one dealing with policy and | one with practice. It has emphasized 
the necessity of “sound economic considerations” “and has also set up stand- 


ards for “evaluating the benefits of public undertakings. 
Apps ently, the Committee believes that the present policy of undertaking 


wer 
5 public works in competition with private enterprise on an unfair, uneconomic, 


and destructive basis should be stopped. | ‘When Federal funds are used to 


build hydro- electric plants and power is sold to the public at rates far below 


ho through the simple expedient | of marking off to non-existent navigation, 


r some. other er equally visionary use, a large part of the capital expenditure, 
‘the Gov rnment is no longer co- operating in the economic rehabilitation 


ation. It i is not only undermining legitimate business: enterprise, 


it is destroying important sources of public income. When funds 
> to municipalities for the construction of municipally owned | 


power to replace existing private plants: that ¢ are furnishing good 
-Bervice at reasonable. cost, as, for example, at ‘Towa City, Towa, or as wa 


proposed in New York, : -Y., the | local power 1 users are being subsidized 


* “Working for the Government”, Scribner’s Magazine, ‘February, 1936, p, 100, 
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FINCH ON GOVERN MENTAL EXP ENDITURE OR PUBLIC WORKS Discussions 


| Fe ederal expense in a movement which cannot fail in the end to demoralize 


a No thoughful ‘man will take ‘issue with the ideas of the C mmitt e on 

rs his subject, but it does 3 seem extremely doubtful whether even a Supreme 


‘Court can alter a po olicy which depends for support « ‘on local public opinion. 4 


“ monthly electric bill, and we e might as well take advantage ¢ of the possibility 


« 


of lower rates. The nation has had sufficient experience with attempts 
secure temperance through legislation, that corresponding efforts to 


a legislate economic common sense will be regarded with suspicion. As Daniel 
Webster pointed out more than: 100 yr ago, in a famous address | on internal 


improvements, this tendency to wasteful and destructive spending is one of 
the great dangers of so- called representative government. Tt: is inherent in 


Ss ."The money is there”, says the local power user, looking no further than a 


that form of government and cannot be cured by legislation. zi Mae at 


be directed toward informing the people’s: representatives: on the “pre 


“cons” of proposed expenditures and toward securing g public support for : sane 


policies of public investment. The problem i is one of information and ‘educa- 


and the success of “such a board will: rest in large” measure on the 


effectiveness of the organization whi ch is developed for broadcasting the 
Finally, on the matter of “practice” all engineers will agree that an 
as ‘full complete as the best o of modern methods 


ermit, forms an comnatia first ‘step in deciding whether a 2 proposed public 


work is” economically justified or must be looked upon as a luxury to be 
afforded only if the state of the public treasury is such that a financially 


unproductive expenditure can be undertaken. The constructive suggestions 


of the  Cemeeitiae | along these lines form a pews valuable part of the report. 


Here again, however, much must be done in educating public 


fact that financially unproductive expenditures mean increased taxes. A 
2 

large ze number of people to- day ‘seem to to feel that the Government finds funds 


in some > mysterious way, : and the question of whether these funds are spent - 


‘revenue- works or for public cl is unimportant. Every 


to indicate that ‘the will take “no “until ‘the burden of ever: 

a 


y and unwise 


Even the Committee’s simple | and obviously sensible 
ing benefits be re spending public funds, therefore, , will 


E 
amount of pioneer work has been done in 


fully the oles 


or Engineering Boards of Review, ‘and will publish, ite s final report in a 
form which may be widely distributed to members of ‘the Society and to 
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Apert Givan ; ‘Epwarp Hyarr™, CLARENCE Krom ER™, A.G G. Morr”, » AND 


S. Pore*, Memsers, Am. Soo. C. ‘(by letter).*"— 


should 1 be registered on the grounds that: (1) The ‘subject re raised is not 


q ‘proper one for a Division of the Society upon which to issue a pronouncement; ie 
(2) even if it were in a field subject to civil review, 


af works to those which meet certain . prescribed ¢ economic standards. yeaa 


a _ The reason for Objection (1) is that, far from being non- partisan, 


report | deals with one of the most outstanding partisan questions now before 
- 3 the people of the United ‘States, and that it Ais entirely outside the functions of 


any official sub-division of the Society to participate in ‘partisan activities. 
ev Referring to Objection (2) it is quite beyond the proper functions of an 7 
engineering society to advocate politico- -economic criteria. Like engineering 
principles, ec economic principles are, and ‘must. be, ela astic. They should be 
applied to meet the varying conditions that arise, whether such conditions are 
4 physical or social in character. Toa attempt ‘to . establish a fixed ‘principle for — 

their observance i is to “admit either weakness or an ‘ignorance’ of their 
When \ war prevails, or serious emergencies arise, economic principles and 


a "engineering practices are modified and made 2 applicable t to the conditions to as 


= met. A fixed standard of principles or | practice to meet all exigencies cannot Gs 


In reviewing the seven principles enunciated, t the , writers find this ‘this ‘report 1a 
to be partisan n and contradictory. For example, if the non- artisan nature of 
oon the Federal | Agency proposed in Principle (1) is to be made secure, some of the | 


other principles will need considerable revision. _This is not to to ‘gay that 
there is no 10 potential in some of these principles, but ey are 


make them non- partisan. 
‘There i is no more partisan principle before the peopl e a aides om the ¢ con- 
Bg between advocates of private and public ownership, as witnessed by BS ~ 
the fact that: it is ai major factor in the present national political | 


pain. The report simply lends fuel to that controversy. Certainly, the Divi 


should not wish to plunge into polities in defense of either side as ‘the 


n 
ae The civil engineers of the United States enjoy a high reputation 


can, and must, participate i in an ‘important manner in any Federal construction 


Nors .—At the meeting of the Section of the Society this discussion. 
formal style, was presented by the writers, constituting the Public Relations Committee — f 
of the Section (Mr. Kromer, Chairman). | "After presentation, the report of the Section oe ae 
Committee was approved and adopted by the Sacramento Section, and the Secretary of am 
the Section was authorized to transmit it to the Society for publication. 
Gen . Mer. and Chf. Engr. , Sacramento Municipal ‘Utility Sacramento, Calif. 
State Engr., Sacramento, Calif. | 
% Prin. Structural Engr., State Dept. of Public Works, Div. of . 


Valuation ‘Div., State Board of Sacramento, ‘Calif. 


ae result would i injure the reputation o of the Society asa whole, and the reputatior 
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program; but they will only do themselves on either side 


Principle (2) proposes that “only those projects should be included that will 


answer a definite and well established ‘public need d which 


valid _ Principle that “no project ‘should be included which would 


adequate service to public at reasonable rates.” The enunciation of 


(2) and (3) ‘supports the contention of the writers that | the Teport 
of a partisan’ character. From: ‘a practical standpoint all the principles: 
iain: are | entirely concerned with policy. as Possibly such policy does not 
lead ‘to. the question of appropriations but certainly it -eoncerns the policy 


4 that should govern expenditures 1 made under appropriations, and, Cansione,, the 


Principle (3) is ‘particularly objectionable. In ‘the discussion 
= it there appears the statement that new work projects should 
taken ‘unless: existing facilities are being used to capacity. ) If applied strictly, 
this principle would be indefensible in the United States, which has | always _ 
maintained the philosophy of free play of competition. For instance, under 
i this principle, Federal aid would not have been given to the railroads dur 


their construction periods ¢ since ‘service was being maintained by the then 


existing primitive methods” of” transportation. Carrying the illustration 


further, under Principle (3), somewhat extended, the Reconstruction ‘Finance’ 
Corporation would not have made railway loans in recent years. since 


petitive roads certainly were not being used to capacity. Reasonable restraint 
a duplication of facilities is in order, but the principles “enunciated in the 


ae report: would be destructive of initiative and would 


principles enunciated i in the report, if followed to: a 


have restricted progress in many meritorious projects of a public character, in 
the past. Principle (6) would have eliminated most relief projects recently 


"prosecuted and ind no body « of citizens: concerned with the unemployment prob 


an 


the cost. of the project both direct ‘indirect. However, 
more ‘difficult but equally important phase of resulting benefits is foo 


with a single brief and inadequate sentence. ‘Here i is a phase which deserve 


ees much ‘study and on which the | Committee | of the Division might render useful - 

service. The distribution of benefits flowing from a Federally financed Srojedt: 

technical advancement. _ Unemployment is a real ‘problem and a myth. 


‘Very likely the present is a time of social change and re- adjustment. Great 
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- fore, formulate a comprehensive statement outlining the scope of engineering be 

_ studies that should be made, and the type of report that should be submitted — 
a to » the public before action is taken to authorize ‘any public works project 
(other than emergency projects). The Division would render avery real 
: public service if it would advocate and insist that thorough and comprehensive 

¥ studies be made available to the electorate and appropriative legislative e bodies, bee 
as all ‘appurtenant engineering and economic facts relating toa proposed 

project, so that the decision to approve | or ‘disapprove | such projects could be ee 
; made intelligently i in the light of all such facts. The Division should sponsor % 
a the development of a set of standards outlining the nature and scope of such Aes ? 
studies and should provide particularly that. all benefits and burdens 
“therein: be sufficiently set forth. It should not ‘attempt to determine social 


‘lic, oF to establish rules for | governmental to 


pik In conclusion, it may be stated that although there i is potential c sila 


value i in this; report, it is partisan and contradictory i in several places. Under 
. guise of a non- partisan statement, | it is intensely partisan: on one of the oe 
foremost political issues of t the day. ‘If this Committee report is endorsed by 
“the Division it mi ght apy appear to those unfamiliar with the organization, t 4 
convict the Society as a whole > of hypocrisy as well a8 political bias. In its 
present form, the report will have a harmful effect 1 upon the Society : and the 
Engineering F Profession, and it is hoped th that the final ‘Teport on this subject is pe 
will be a truly technical and non- partisan | one. If ‘possible, it should have 
a more comprehensive scope if it is to ~ of aid in solving the great problem 
following submittal, to members of the Division, of the Committee’s tenta-_ 
_ tive report of November, 1935, the writer anticipated some revision of that ay Be 
report before publication. presented, however, it is, except for 1 minor 
itori changes, identical with the original tentative ‘report, both as to 
tatement of principles and as to the “Remarks” or arguments supporting a 


those principles. Although the writer, in the main, regards the enunciated 


"principles: as sound, if wisely interpreted and applied, he finds himself not 
in accord with certain phases of the supporting arguments, the ‘principles 
are enacted into law as the basis for future Federal action in the ‘matters D>. 
with which they are concerned, and if the  Committee’s specific and implied 
applications of those principles are attempted, _then the final 


‘highly uncertain because, i it seems to the writer, in Committee’ 


following discussion relates ‘to the “Remarks” in 


dation of the principles it sets forth, rather than to the principles themselves, 


Engr., Seattle, Wash. 
Received by the Secretary May | 
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NTAL EXPENDITU S FOR PUBLIC WORKS - Discus 


a preamble indicating what: the Committee was attempting 
to do. Was it attempting to outline a Federal policy adapted 1 to 1 the depres-— 


Cal ws 


sion conditions that have obtained during the past several ; years oro one adapted — 


to normal. conditions. ‘As the ‘country is now emerging from the depression, — 


and as the depression must be regarded as an abnormal condition, it would — 


seem unquestionable that any permanent, Federal, public works policy 
should relate to, and be predicated upon, normal economic conditions —with, 


some special provisions veh to when 


to ‘distinguish ‘Vetwoen ‘ovnditions nd emergency 


Apparently, the report i in main, is fi fra med for 


gency rather than for normal conditions. _ The writer feels, "strongly, that it 


should have been framed, primarily, for normal conditions. 


b) A failure distinguish between Federal non- Federal "publi 
works. of the report deals with the latter although, by title, it i 
“intended to refer only to the former. Normally, the Federal Government has _ 
nothing | to do with non- ‘Federal public works although, in respect of over-all 4 


a taxation, future planning should take cognizance ¢ of both forms of expendi- 


Tho acute emergency situation thet heretofore prevailed 


by the ¢ exigency y of the and they should: at the 


earliest date - practicable—just as soon as normalcy, or approximate normalcy, a 


has been restored. lesser governmental units” s (States, counties, cities, 


etc.) should return, as soon as possible, 1 to the ordinary procedures for financ- 
ing their public works projects and should not continue to ‘ely on the benefi- : 
ence of the Federal Government. — An indefinite continuance of such } pater- 
nalism will tend, inevitably, to weaken the morale and the sense of financial * 


Federal encroachment on State 1 Tights and that is a consummation not to be id 


is not intended, by foregoing « comment, to imply that ‘there ‘should | 


os no co-operation between Federal and non-Federal | agencies concerned with — 
There is definite need for operation between these agencies, 


particularly as regards public works in which there is a a multiple interest, 
he | prerogatives and responsibilities of separate agencies should be 
clear, distinct, and properly safeguarded. The bearing of public works 
expenditures upon possible | limitations of eredit and of tolerable taxa- 
tion ‘make Federal and non- ‘Federal public works more or less inter- -related. 


In this connection it is of interest to note that in the country as a whole, — 
or the 1920 to 1932, for Feder public works averaged 


responsibility of those lesser agencies. - It might also easily lead to a definite — a 
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but little of one- halt that 


It is now desired to comment, more in detail, on the | “Remarks” sections 
he of the Committee report as to each of the specific principles which it lists as a 


. basic to a Federal public works program. _ Before proceeding further, ‘how. 
ever, the writer \ would suggest, for the future’ planning of public works, an nai 


additional basic principle which he deems important, that of budget 
ing. . Plannin 


resources is. just as in economy as conservation of 

resources ; and, by conservation is meant a wise and timely development and 

~~ utilization of resources—that is, a conservation policy of neither bottling u up 


of wantonly wasting such” ‘resources, ‘Public works policies” 


"programs are definitely related to these considerations. 


Principle (1) —Reference to the 1e Supreme | Court Principle a 
unfortunate. N public works agency that may be created 1 can possibly be 
endowed with. a character or an authority comparable t to that of the Supreme 
Court—nor ‘should it be. existing Federal departments would -strenu- 
ey _ ously oppose, as would a the Congress, any ‘serious: effort to create a | new 
organization with absolute final authority: over all Federal public 
activities. “A technical, advisory body with a broad v view and understanding 
% of public needs, and a broad knowledge of public finance and budgeting, — 
ik could indeed be helpful, but it ne need not and should né not be a Court of last 


in securing approval “of long: range public works pro-- 


grams, an as s is contemplated by the 


name, “States” ‘Program Authority” as suggested in the 
is not ‘definitive. ‘There m may be all kinds of ‘Federal. programs for 
kinds” of activities, and there is no indication in this ‘proposed title that 
it is is intended to deal only with public works. As stated in the 


"paragraph, it should not in any event be “Authority”, 


advisory and co-ordinating body that would handle 1 no construction work 
- itself, but would leave that ¢ activity to existing I Federal | construction agencies. 


In determining the: form of this proposed new agency, and ‘its functions, 


. National Planning Board comparable 


but its permanent 
altho ugh “measures: 


‘now before the Congress. 
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the ‘National Resources ‘Committee, with, doubt, 


(ce) The Federal Employment. Stabilization “Board which has been 


a splendid work and which ‘might be made effective for all those igen 


which'the Committee’s proposed new agency would be concerned. 
rst of the Committee’ “Remarks” implies 


already stated (see | Fifth Paragraph), that Federal sable was adopted solely 
to m meet ‘an economic emergency, and it should be abandoned with 
passing of the emergency. It should not become a permanent Federal policy. 


Princip e (2 @ ) is suggested th ‘that all reference to communist, fascist, 


‘capitalist types of governmental organization should have been omitted from 
‘he “Remarks” ‘pertaining to Principle (2). These references are wholly 


AS 4iit 


non- -essential to the Committee’ clean- cut initial statement as to what is 


4 meant by ‘ “public need.” Such extraneous matter detracts from the directness : 


of 1 the initial statement and raises issues not pertinent tot the > question in 
hand | as, indeed, the “Remarks” themselves specifically assert. The state- 


ment that projects should be given priority in accordance with their relative 


importance might also be omitted because it is fully covered in Principle (4) 


rh 


4. 


Nis In the Committee’s Sub- Paragraphs (A) and ( (B) there i is ‘Persistent i. 


fusion of Federal and non- Federal public works, and of emergency and normal 
public works activities to reference has a lready | been made, Nor- 


mally t the Federal Government has nothing to do with city. “halls or 

‘schools, hospitals, ete. of the looser governmental units, and this 
report, per title, is intended to deal only with Federal public works. It has — F; 
already been indicated that, in the writer’s . judgment, there should be co-opera- - 


tion between Federal and non-Federal agencies in respect to public works in 


which there is a multiple interest “(flood control, river and harbor improve- 
ments, highways, ete.) ; also_ some ‘mutually agreeable and practicable 
co-ordination in respect to total public expenditures ; but beyond these the 


ederal Government should not concern itself with, nor “presume to inject — 


Principle ( agrees heartily with Principle. (3), wi 


applied, but he dots not pen at all with the statement that it t “would exclude — 4 
projects of reclaiming arid land or draining wet lands unless: all other culti- — 


_vable lands in the country were being used to capacity.” i! In the first place, : 


‘reclaimed arid land, properly, irrigated, , may, and i in fact generally does, pro- 


vide a more valuable and more profitable argiculture than ordinary 
-Jand. To contend that there sh ‘should be no development of the former until 
tter has been exhausted is not only unsound economically, but it 


unjuatly ‘much of the cnet domain, largely dependent on irri 
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* sense, there should be encouragement of a more or less uniform SS 
y throughout t the United States. © Moreover, there should b be provision, within | 
reason, for people making | their homes and livelihood in places of their own 
choosing, and they should not be regimented or compelled to live in locali- 
ties against ‘their wishes | and desires. it is just as logical to state that no oy A 
_ more houses shall be built in Denver, Colo., , as s long as there are vacancies - 

Philadelphia, Pa., or in Boston , Mass., , as to contend that no irrigable 
lands: should be reclaimed as long as there are non-irrigable lands not yet 
rs fully” developed. Finally, with many sub- normal | and drought- stricken areas a F 

% 


‘going out of cultivation, with continued growth of population, | and with the 


The atiter cordially agrees din proposition that: it. should the 
poliey of the Federal Government to build cement plants to meet the require- 
ments: of its extensive construction operations, but the im mplications- of the 
_ statement by the Committee are too broad. . The Government should. not 
- build such plants except ‘as a last resort but it should not be estopped er: 


from if fair bids for cement cannot be obtained | from private 
er) 


q os The e Committee should look into the history of cement prices tendered for the ks 
ae Roosevelt Dam, in . Arizona (which, upon both the first and second calls for 
"bids, were exorbitant), and note how the Government felt compelled, in self. a 


§ defense, to erect its “own plant for that ‘construction, and did so with a 
i‘: resultant material | saving in cost. T The ‘statement o: of the Committee should _ 


That the value of an old plant s should always” be added to ‘the 


cost of the new one, ne, even if the added cost is not not charged to the consumer, =~ 


: a4 is at least a debatable question. Condemning or burdening a procedure that 


_ ‘might result i in the destruction of an old and uneconomical plant, and the a 
construction of ‘new economical plant, also debatable economic 
philosophy. what does th the Committee “mean | “a fair proposal 
2 to write off some of the remaining investment in the old plant” ? Industrial — 
_ advance does not lie’ in the direction of perpetuating the uneconomical, and ue 
the principle of competition should be safeguarded | in respect to those indus- 
tries that are properly. competitive within themselves. Progress requires ‘that 
‘the old and Jess ‘economical ‘shall yield to the new and more economical even 
f a loss may y thereby be ‘imposed u upon the: former If the Committee has a 
mind some form of s subsidy for th the old and uneconomical, when supercession Gr. 
by something ne new and more economical is threatened, then it is proposing a hey 
te subject to the po ssibility of ‘serious abuse | against the public interest ae 
unless it is very carefully safeguarded. 
Principle 
o Principle ( (4), onmane, or encourage t the idea, that the United States Govern- 
ment, as a | permanent t Federal policy, should underwrite all, , or any part, of - 
ourely local, non-Federal public works projects. As the writer already 


nphasized, that has been wholly an emergency provision during the period — 


and one that should be sbandoned as soon as normalcy has been 
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4 


treatment will to weaken the governmental of States 
‘municipalities. gis These local agencies should be ‘compelled t “stand | 
their own feet” and should not be ‘supported by the F Federal 


rt 


except in times. of ‘real emergency. ah, Sak 
aes Principle (5 )— In the Committee’s “Remarks? accompanying Principle 
ce (8) there is again a lack of clear distinction between emergency conditions 
mee and normal conditions. b* F or emergency conditions, proximity to centers of 


weigh heavily in selecting projects for construction. 


For ‘normal conditions, however, other criteria. would. predominate—mainly, 
thelr dette, long- time economic need and the prospect of their financial 


 guecess—and it is to normal conditions that a Federal public works “singe, 


Principle (6)—On the basis of meeting the “emergency conditions to 
whieh the “Remarks” Principle (6) refer, the supporting: argument is 


entirely correct." The principle itself, however, even stronger application 

normal economic conditions, and it is mainly i in respect to the latter 
: that it ‘should now be formulated and applied. 

Principle 7 ‘regards Principle as eminently correct, 


dime is that prior to ‘approval of any set of Fn ao “intended to govern 
the conception and | prosecution of a Federal public works program, and prior 


+ to any effort being made to secure the enactment of legislation that would 
such a set of ‘principles, the Committee should ‘modify its report 
Nn 1 several particulars and re-submit it for consideration. 7 It is believed that 

2 ne the principle of budgeting should be added to those already listed i in the Com- 
mittee re report; that Principle. (1) shor uld b e recast with the omission of any 
__ reference to the United States Supreme Court and with the addition of a 
clear definition of the duties and functions of the ‘proposed. ‘new agency; and, 
: finally, that the supporting arguments elucidating the principles should be 


revised materially t to the end that confusion of purpose and objectives be elim- 
inated, the rer revisions, to be the Pointed in 


approval and approved by the Board, te 

of course, to make such principles effective. 
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AM RICAN SOCIETY OF ‘CIVIL ENGINEERS as 


REPORT) OF SUB-COMMITTEE NO. 


=") 


FLEMING,” Esa. (by letter) Fifth Progress of the 
Committee is of exceptional value throughout 
Prominence i is given to wind force on rounded and A long 
a rray of experimenters is ci cited. The ‘suction the 


the been to make provision direct 
the » windward slope—of ‘course, at some time or other, ‘either 
slope may be the windward slope. There is no doubt now but that suction _ 
exists « on the leeward slope; for roofs” nearly flat it exists on both slopes. 
the past the writer | has advocated the Duchemin f formula for determining 
Pressure on sloping roofs. In view of the accumulated evidence of the inade- 
d quacy of this time- honored formula he is , obliged to change his former views = 
a Until something | better presents itself, he would recommend ‘that the pressure 


and loadings suggested in the report be followed. 


The Committee d does w ell in calling attention ‘the paper”, Tall Building 


Frames Studied | by Means Mechanical Models”, “by Francis itmer, 
Am. Soe. C. E. , and Harry Bonner, Esq. The purpose of the study was: 


Am. 
o learn trends rather than true quantitative values of reactions for varyin 


A proportions of parts, The conclusions are important. paper | 


i he Structural Division on Wind-Bracing in Steel Buildings, was presented at the meeting © 
of the Structural Division, New York, N. Y., January 16, 1936, and published in March, — 
1986, Proceedings. This ‘discussion is printed in Proceedings in order that the views _ 
may be brought before all members for further of report. 
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WIND-BRACING IN STEEL Dis Discussions 
: Comment will ‘be on the statement regarding the use 
lever and the portal 1 ‘methods for “moderate ratios of height to breadth. in 
report states ‘ “although: sufficient ag aggregate strength may be secured in this sk 
_ way there is no assurance that a balanced design will be attained, or that th 
unduly high local stresses may not exist.” Notwithstanding adverse criticism 


the average engineer, for the class of tier buildings he is called upon to design [Hof 


and with the ti time at his disposal, will continue to use one of these two con- 


ventional methods. What are their limitations Of the 5.000 buildings in re: 


the nited States, ten stories or more” in n height, about 400, are of twenty sp 
 storles | or more. It i is only occasionally that a structure is on a narrow plot. | of 
‘such are the 42- “story North Michigan Avenue Building, in | Chicago, 


"York City, 503 ft high | on a pay ft 3 in. by ft 4 in. and the 
Medical - Tower Office Building, i in Philadelphia, Pa., rising to” a height of 
363 ft, from a hese of 44 ft 8 in. by 75 ft 7 =A The tower portions of other 
buildings present similar ratios « of base to heig 


Sie Incidentally, it may be noted that the 20- cea? bent analyzed by Messrs. 
Maney in their well- ‘Known “Monograph on deflection has 


to height did not exceed 4 to 3.5, or, perhaps, 1 to 4. _ At the same paved id 


after members are proportioned, tebe: would examine the » design by one of the 
methods considered more exact. | - Just what method he is not prepared to 

state, The present the “Goldberg method”, and also men- 
tions favorably the “Grinter method. few ‘years: ago, David Cushman | 
Coyle, M. Am. Soe. C. E., wrote® “When the 1¢ importance of the project justi- 


fies the use of the best e engineering talent, it seems evident that Method No. 7 ‘ 
[the Spurr method] is the only one tl that can be said to meet the requirements, 


both because it provides for keeping the floor plane and because it does not 
allow w the engineer to forget the deflections.” irregular spacing of 
“umns, so common ‘in apartment houses, the break in continuity in columns 


due to assembly rooms in office buildings on or ball-rooms in hotels, the set- 
a ‘Pack requirements of municipal building codes, all present need for careful 


beg 


study, whatever method of wind stress determination is s followed. 


his comments on the Second Progress Report™ the atten- 


es tion to the habit of college F professors of under- rating t the 1e timie required | to solve 
a ‘problem by ‘a favorite method. ‘The same habit is observed in the: ‘present 
report. Rankine quoted. further illustration from his 
will be are is such a curve; and it has geo- 


ical causes: the caloulation of its of to 


| 


ue to thos 


Review of Current Engineering News-Record, Vol. 106, p. 932. 


34 Am. Soc. C. E., May, 19338, p. 947. ‘ 
Engineer (London), November 13, 1868 
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a GRINTER, Assoc. M. Am. Soc. OC. E. (by letter). “In this s enlighten- 

ing report the Sub- -Committee discusses the wind forces on rounded and 

¢ sloping roofs. The complication involved becomes evident when one observes 

the tangled mass of curves in Fig. Perhaps greater consistency in results 
would be evident if: some other “method of plotting were utilized. The 


of the fractional part of | a central angle, 6, ), Seems a rather artificial designa- oe: A 
tion, particularly for a sloping roof. There would seem to be quite as much ‘ 


n reason to choose the fractional part of the rise Or the fractional part of the ss 


ty gy span. ~ However, brief studies made by 1 the writer did not indicate that either ar 
ot. of these designations would be particularly more satisfactory. } No attempt ae 
made to study other “possibilities, such as as the use of an angle with its 

et, vertex, at one eave, or an ‘angle with its vertex at the e ridge. 
the Pressures on a Rounded Roof—The Sub-Committee’s 
of “regard to a specified. wind pressure for of the bye 
her building roof seem rather complex at first consideration 

“comparatively, simple. { Some confusion will ‘probably « occur in the interpreta” 
srs. of Statement (3) which leads to Equation (6). This statement could 

has | be improved | since a failure to appreciate the s significance of the sentence Seah 

‘ter construction would lead to an erroneous interpretation, Several very intelli- 

ase gent students failed entirely to grasp its ‘tignificance, 
nd Example of the Goodyear Dock.—' —The recommendations of the Sub- -Com- 

the "mittee with ‘reference to wind- ‘distribution on a rounded roof that 

sti- 

0. 7 

col- = 37.5 Lb per SqFt 

mns 

set- 

eful 

fata 

of extends to the ground level were > applied to the Goodyear Zeppelin Dock, at 
—_ Akron, Ohio. _ The ‘results | obtained are shown in Fig. 6 in which the actua 

Bp distribution of wind pressure as found by a model test is indicated by a ae 


| Me Received by the Secretary May 2 29, 1936 
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Disc iscussi n: 


dotted line. Its seems that the recommendations 

be of the Sub- Committee would be reasonably ‘satisfactory for the design of onal 

ain structure. However, the observed maximum suction of 150 lb per sq. ft, 

yhich is three times the specified ‘maximum suction, might influence 


selection and means of attaching the roofing material. The 1 maximum speci- _ 


is p = 14rq = 14 37.5 = 32 lb per sq ft. This 
presure covers an are, a, which is found by the =k (0.2 25 
+0 0. 125) 192 = 53 degrees. The suction « over the windward quarter of: the 192° B 4 
a 


are is - specified as 0.5 q, or 19 lb per sq ft. The suction n over the remainder [| 
f the roof (approximately the ‘upper | half) is specified as g = (r + 0.7) ¢ 1 ee 


= (06 - + 0.7) 37.5 = 48 lb per sq. These values are shown. in Fig. 
they may be compared with the original test results. 


re 


Wind- Pr Formula. —The recommendation i is made that the controlling 
pressure ca can be found by ‘Equation (2), q=0. 002558 The acceptance of 3 ch 
this formula without any published justification seems ‘unusual from several & 
points of view. In the first place, engineers are accustomed to the use of -- 

a higher such as 0. 0032, or, even 0.004, which naturally gives 

much | higher pressure for a given wind | velocity. Wl Whatever the justification 
may be for ‘the lower coefficient, the writer feels that it t is always a a mistake th 
“express: empirical or test coefficients in terms: of four or even three signifi; 
figures. 


ur particular coefficient i is one that varies with the barometric 
pressure and with the moisture content of the air. Evidently, it is ‘lo 
highly difficult, if not impossible, to determine coefficient accurately 


because of of the swirling action of the wind. It would seem far more reasonable 
to state such a coefficient as 0.0025 or 0.0026 or, better yet, as 0.003, if there is &§ 
4 ibility that th tests | or theori su on which | it was based we 

any possibility he ‘i es up as based v re 

‘Simplified Wind-Stress Sub- Committee makes a compari- 
son of the time consumed by the Goldberg method of wind- stress analysis ri 


y by the Cross method of f balancing moments i in the form set u up by t the Sub- 


Committee in its Second Progress Report." The conclusion is reached that 
the Goldberg method is the faster. Ih so far as is indicated by the Fifth a 


Progress Report, ‘the ‘Sub-Committee apparently failed to make a study of 


_ the time consumed by the > writer’s method, or € even of the time needed to carry 4 

ut the Cross method in the manner suggested by Professor Cross himself.” 


However, _ the writer’s method is recommended for certain investigations, , which 
ndicates that it received some study by the Sub- Committee. 


In determine the ‘relative usefulness of two methods recom 


Jas 


bents studied by Professor Young. These bents- had been analyzed by the 
Cross and Goldberg methods, and the » time needed in each case will be found | 


_ “Hrecting the World’s Largest Roof’, by Wilbur J. Watson, M. Am. Soe. C. E. 


Proceedings, Am. Soe. B., February, 1932, p. 224 


“Continuous Frames. of Reinforced Concrete”, 
rs, Am. Soc. C, B., 1932 Hditi 


by Hardy Cross and N. D. Morgan, ry 
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These t three bents were 


1e Benson, Soe. C. E, analysis. Mr. Benson 
t, | never previously investigated a wind he understood the 
ne _ fundamental m methods of balancing moments, and of slope- deflection as applied War” 


to single-story bents. Using the writer’s simplified method, he analyzed 
- first wind bent (8 stories) by estimating deflections , balancing moments, and — 
is @ correcting moments by proportion, in approximately 4t hr. He later analyzed 
the two other | 8-story bents. in about the same length of time. Mr. 
son then en analyzed ¢ one of these  bents b by the Goldberg method. He ol obtained 
 sati isfactory results, but the time consumed was i in excess of 13 hr. second 


na aa idy by the Goldberg method, in this case of the gpk four stories only, of. 

a | a typical wind bent, consumed fully 6 hr. . ut li t 

Minimum! Time Require ed for Wind- Stress: Analysis.—Since the time con- 

sumed by Mr. Benson in applying ‘the writer’ s method, although ‘considerably 
oa a shor orter than any time recorded by the Sub-Committee, still represented the 

time needed by an ‘inexperienced ‘operator, writer decided to repeat 

of analyses” himself. Undoubtedly, t 4 the following record of total time = 


Seem unbelievably low, to any one who does not understand ‘the method, but 

ean unquestionably be attained with reasonable e experience, was found that 
the total time was divided among ix major operations, each of which con- 


sumed between 15 arid 30 min for an 8- 


ly (1) Determination, the fixed-end by relative 


ihe (2) “Computation of recording he fixed- end 


Second and third balancing of moments (the — 


portant, but its introduction -Tequires little time) ; 


(5) Addition of the columns of moments; and, 


a Determination of criterior 


of stress analysis ¢ can applied in 


i min for each step, or 3 hr for an 8-story building. A ssa ‘the. writer 
would ‘not ‘try to attain useless accuracy, but “would reduce all fixed- rend 


mn "moments | (by dividing by a constant) — so that they would range between 100 

ry “and 300. _ Convergence will then be quite rapid, and still the accuracy attained S 
he will be thoughtless: of 4-place figures throughout the’ 
"analysis would probably double time consumed, . The method of balancing 
mt mo oments has been found by « experiment to lend itself perfectly to the determi- 


ation of of final | moments to any degree of accuracy desired. 
Conel ion |. —Each of the five reports presented by the Sub- Committee has 


grea’ larif some group of problems inherent in ‘the design of 
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buildings to resist wind pressure. ‘Particularly, : in having called ‘to attention 


an improvement in design Evidently, there is no longer any ‘excuse pr 
for the engineer to neglect the s suction effect in his design of an arched roof. +h 


Dr . CHR. Noxxentvep® (by letter). “*__For several years the writer, with 
J. 0. V. Irminger, has studied the _characteristies of wind pressure on i 
buildings, particularly variations of pressure, Such variations may be. due to: 
aie (a) The relative size of the object | sustaining the wind load; (b) the relative pr 


= air-tightness of the object sustaining the wind load; and (c) the influence of 


(a) —The Size of the Model.— —The experiments have shown under 
circumstances, the pressure distribution on the building, and especially 


the windward roof, surface, with the Reynolds nun 


pte 
co 
N 
oO 
8 
om 


The deciding ‘factor in case ‘is the relative an 


that ratio, in which 8 the of the 


dary Tayer adjacent to the ground (calculated from the velocity gradient); in 


an and hy = the characteristic height. of te that i is, the height of the 


(b).— —The Internal Pressure-—In_ a ‘building which i te y ait 
cased ‘throughout : an internal suction of about 0. 25 q to 0. 35 q will always Ke 

In practice, where the ‘ “leakage” that the internal Pa 
ae _ pressure may be either on 1 the ‘windward or the leeward sides ; one has to con- | be 


sider the possibility of varying internal pressure, which ‘may range from " 


‘Pressure to suction, depending ‘upon which surface i is s being investigated. ay i. 


—Influence of Adjacent L. Harris", Assoc. 
Soc. C. E., and the writer, have found that neighboring structures ‘may have 
a ee great influence on the distribution of the wind - pressure on 2 


; will never be possible, therefore, ‘to state. definite pressures for 


‘different surfaces of a b building. Such values in terms 
‘The different surfaces of the building may be Sdentifea. as: The 
wall; the windward roof surface ( C) the leeward surface: 


3 = (D) the leeward wall. When - the upper ¢ and lower limits of ¥ wind pressure 
for these surfaces are to be fixed, the aim is not only to enable a designer tf 
3 deal with each ‘surface independently, but to design the entire structure br 


“a Received by the Secretary ‘Tune 5, 1936.0 


42*Influence of Neighboring on the “Wind Pressure on Tall "Buildings 
Dept. of Commerce, National Bureau of Standards, Research 

Ingenigrvidenskabelige Skrifter, A Nr. 42, Chapter vit to. 
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NOKKENTVED WIND- BRACING IN STEEL 


‘The up limit: for pressures on Surfaces. (A) aa 
such pressures on Surfaces () and (D), should be prescribed SO that the 
pressure on the entire structure will be as ‘nearly identical as possible with 
“the greatest total pressure that the various combinations may produce on the 
entire structure. Furthermore, a lower limit for all surfaces must be pre- 
may be u used for a ‘supplementary. calculation of the econ- a 

of each surface, as, for example, the fastening of the roofing, roof 

purlins, and trusses. will be proper, therefore, to adopt the following 


(for a < 15°) = + — 50 + (10 — 


‘more, ‘Sx limiting upper values for the n negative pressure are as ‘ina * 
the formula, 0.60 q, when q i is expressed (1) of the 


tie ~ ate 
We 180° change in al the wind will transfer 
i a and ps; Surfaces (D) and (C), it will be obvious that all surfaces must — 
® be computed for an upper and a lower value of pressure, and that th e purpose — 
. puted for an upper a e 0 pre ure, e purp 
j “of Equation (13) is to enable o one to compute the ¢ correct total pressure. ia 46 
* Equations (11) and (12) the influence of ‘the height of the building i in 
_ sasen to its breadth has been taken into account. That this is most neces an : 
sary is evident ‘from the experiments conducted by the writer. 
former specifications, has been fixed at 1. If this value of is 
- inserted i in Equations (11) and (12), it is evident that the expression for p 
corresponds very ‘closely the corresponding in the D Dutch and 
The writer’s differs from the Russian’, and from that of the 


for | a ‘normal | building, frecly exposed, and with normal air “leakage”, are too oe : 
great and that those proposed by the Sub- Committee are more correct but 
considering the possibilities of variation, previously mentioned, the security _ 
against various contingencies is greater. Since, at the same time, a lower er eae 
limit exists, there will be 1 no dan ger o wi ‘conditions execeding the 


‘urthermore, parts of “the structure be exposed to an even greater 
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Russian.) Central Aero-Hydrodynamical Inst., U. 8. S. R., No. 35, 1928. 


the with details concerning of the one 
limit will introduce a smaller factor of safety for “secondary, parts of the = 


structure, which will result with a smaller load than the one 


In this report it is stated, the arithmetic su sum of ‘the pressure on the: 


However, it must be considered that +P» for very tall buildings 
nly, increases beyond th the value, 1.20 
To shed more light on . this question some > results of experiments conducted — 
with square prisms different heights, are shown in Table 2, the Side 


= 


being t l and the height, he ¢ These values correspond very w ell with those found — 


| PRESSURES, In TERMS OF THE FRACTIONAL ParT 


National Bureau of Stand- _ 
ards 
Géttingen'® a 
Copenhagen 


Gottingen 13 


F Proceedings, Am. Soc. C. E., March, 1936, Footnotes 11, 13, and 14, p. 399. 5 ai 


ire State Building. ' The height of the building must evi 


mo 
to the the wind) before p. Pa Do exceeds 1. 
ordinary buildings, therefore, this value is sufficient. buildings 


times the ] writer of Pa = 1.004 


= Cig. attention given in the report of 

jub-C Committee to the regulations of tl the Main Committee for Standardi- 
‘gation in The Netherlands, is gratifying. In the paragraph following Fig. 4, 


a the statement is made that Fig. 2 2 “appears to » justify a a greater severity ’ for the 


ive pressures | (the suctions) on closed buildings with gable roofs of small 
slopes than is prescribed in Standard N-790 of The ‘Netherlands. “might 
be useful to give : an explanation of the values that ¥ were adopted by 


mittee that framed the ordinance. st 
The starting point was the choice of suitable averages for the coefficients, ¥ 


Y giving positive ar and “negative pressures for the external surfaces, with regard i 


‘to the “static pr pressure. ” The t term, “ ‘static pressure’ , as used herein, has 
_ # Member, Committee on the Technical Basis for Building Ordinances, Main Committee 
for Standardization in The Netherlands, The Hague, The Netherlands. pretest ms 
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September, 1986 wovTERs ox ON WIND-BRACING IN STEEL BU inate 

been defined the National of Standards." the purpose ‘men- . 
tioned, attention was given to the same sources of | information as are cited in 
Footnotes 7 to 19 of the report. . The Netherlands « “experiments” were not a 
numerous. As a result of careful consideration, coefficients for external 


positive negative pressures were adopted indicated in 


Side Walls fall = 
ise 


negative pressure as — 0. 2 24, thus 4 


the indicated Fig. 7(b). In ‘Fig. 7, 7, the maxi- 


permissible value of a 65° for greater values | the coefficient 
0.7 in Fig. T(a) and Fig. 7(b), ‘and + 0.9 in a Fig. T(c). As only the 
pressure differences are of interest, it easier take the Positive 
and negative pressures with regard to the static pressure — 0.2 q and 

thus the Committee obtained the coefficients Standard —N-790, 

of The Netherlands, which h are indicated in ‘Fig. Tc). . The allocation of oe 


coefficient, — 0. 2, with regard salt ‘the ‘ ‘static pressure”, for the ees 
negative pressure is” thus reason for less severity. than i is in 


Fig. 2 of the 


In 1 addition, The Netherl: 


only on a part of the w roof This was account 
in Remark 4, of ——— which, as given in the Second Edition, 
greater wid those to the — 0.4, ‘can ‘occur. The 
designer should be cautious, in general, especially at the places soutsibinnd Bs 


to ensure effective fastening of light roof constructions, roofing, and wall Bx 


ih the fifth ‘paragraph following F Fig. 4 report a ‘statement 


that “in The Netherlands: regulations, provision is ery in the | case of a 


n what has already pe out i in this discussion 
internal negative pres ssure in the “ease of closed buildings, a: as adopted 


in The Netherlands regulations, is — 0.24 with regard to the “static pressure” ge F 
and zero with regard to the static pressure — 0.2 qa, q, which is i refer- 


‘The local maximum “positive pressure of 12 q was arrived at by adding 


to the n maximum possible external positive 1.0 q he quantity, 
§ arising from the internal negative pressure. 
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WIND STRESSES. IN REINFORCED | CONCRETE. 


Louis BiuME,” Esq. (by letter). =*_Under the heading, “Arch Rib ‘Without 


Bracing” ’, the author presents analysis that appears to lead to correct 
results. However, careful examination indicates that the method of approach 


such to involve superfluous work. To illustrate this, the following 
treatment of and (6), ‘is presented : Equation (2) can 


wii. 
dw = 0 
cos ¢ and =—s 
ds | 


a 


Nore.—The paper A. A. Eremin Assoc. Am. Soc. was in 
1935, Proceedings. Discussion on this paper has appeared’ in Proceedings, a8 
- follows : April, ‘1936, by Leon Blog, Assoc. M. Soc. C. E.; and August, 1936, ed 
Structural Engr., City Engr.’s Office, Los Angeles, Calif. 
Received by the ‘Secretary August 10, 1936. 
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‘This value of M 


ON WIND STRESSES IN AR =. 
sional moments at an e of My found, the bending and tor- — 
and (6), dispens y point in the rib may be obtai 5 
rib may be obtained by n ans 0 
nd ), lispensing with Equations (16) a d by means of Equations 


